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CHAPTER 1 INTRODUCTION 
 
1.1 BACKGROUND  
Natural disasters have been increasing every year due to various factors such as 
urbanization, population growth, destruction of natural environment and climate 
change. The general conclusion from assessments made by the intergovernmental panel 
on climate change (IPCC, 2007) is that both the mean temperature and the frequency of 
extreme weather events such as heat spell, dry spell, storms and flooding, could 
increase(Cubasch et al., 2001). The human and economic losses caused by natural 
disasters in 2008 were devastating. More than 235 000 people were killed, 214 million 
people were affected and economic costs were over 190 billion US$. In 2008, 354 
natural disasters were recorded in the EM-DAT database, which is less than the 2000-
2007 yearly average numbers of 397 (see Figure 1.1, CRED, 2009).  
 Furthermore, the Asian region accounts for nearly 90% of the total affected people in 
the world (ADRC, 2002). For instance, during the period 2000 to 2004, 1362 water-
related disasters have been reported by EM-DAT, emergency events database (EM-DAT, 
2009), killing more than 40,000 people and afflicting more than 810 million people. In 
2008, 40% of all reported natural disasters occurred in Asia, which is approximately the 
same share as seen in the annual average of 2000-2007. More than 80% of the reported 
victims of natural disasters in 2008 are from Asia, which is 10% less than the average in 
previous years. Despite a decrease in the number of victims, the economic damage costs 
in Asia increased greatly in 2008 compared to the annual average of 2000-2007.  
 
Figure 1.1 World trends of natural disasters in occurrence and victims (CRED, 2009). 
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Over the last few years, a substantial body of scientific evidence has been presented 
supporting the claim that climate change increases uncertainty levels in the statistical 
distribution of flood probabilities (Kabat et al., 2005; EEA, 2006). As a consequence, 
current confidence intervals on flood probabilities are decreasing, which in turn 
increases the overall uncertainty about the occurrence of flood disaster. This is 
especially important when it comes to ‘extreme events’ that result in extensive hazards 
for public safety as well as causing widespread economic impact. And many of the 
world’s metropolitan areas located in floodplains have undergone a process of 
densification and expansion (Angel et al., 2005; Sheppard, 2006), where expansion 
leads to further encroachment of flood-prone areas (Mitchell, 1999).  
 
 
Figure 1.2 Main causes of flood disaster occurrence. 
 
Figure 1.2 illustrates simple conception of flood disaster that the main principle reasons 
of flood disaster are abnormal intense rainfall events due to climate change, rapid 
urbanization and the limitation of flood disaster adaptation including lack of social 
systems in R. Korea. In the world increasing attention is also being paid to the 
relationships between land use and water and between spatial urban planning and 
water management (Wiering & Driessen, 2001; Bruijn, 2005; Pols et al., 2007). For 
flood risk management these relationships are essential. Flood risk management 
involves all activities that aim to reduce flood risks (Bruijn, 2009; Gouldby & 
Samuels, 2005).  
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• Increasing risk of flood and sediment-related disasters in Japan 
Implementation of measures including ones for earthquakes, landslides, and floods are 
among the most essential requirements to make habitable conditions in the regions of 
Japan, because of the conditions on its land and nature including its position, 
topography, and meteorology putting it in a position vulnerable to earthquakes, 
typhoons, and torrential rains (MTLI, 2006). With approximately 70% of its total area 
occupied by mountainous regions and hilly terrain, Japan’s land area is the site of 
considerable volcanic and seismologic activity and is also vulnerable to typhoons and 
heavy rain. Furthermore, it is easily affected by flooding, as approximately one half of 
the total population and three quarters of the total assets are concentrated in about 10% 
of the total area, which would be below water level if rivers overflowed. Because of 
residential area developments, an increasing number of areas have become more 
vulnerable to sediment related disasters: slope failure, landslide and debris flow. One of 
the principal reasons is that the high development needs cause the extreme urbanization 
and the increase in the exposure against hazardous phenomena, such as development of 
residential areas on hillsides as well as on foothills. As a result of the geological 
weakness, an average of about 1,000 cases of sediment-related disasters occur in Japan 
each year (Figure 1.3), the number of which has been increasing in recent years in 
comparison (MLIT, 2007).  
 
 
Figure 1.3 Changes in the number of sediment area related disasters, MLIT in Japan, 2007. 
 
• Increasing risk of flood disasters in Republic of Korea 
 
R. Korea’s natural disasters are characterized by floods in rainy seasons. For instance, 
typhoon ‘Rusa’ in 2002 and `Maemi` in 2003 swept through the South Korea and did 
 4 
 
4 Ch1. Introduction
serious damage over a large area (K-water, 2005). These experiences caused by floods 
gave us valuable knowledge to mitigate future flood disasters such as integrated flood 
reduction management system, flood-control reservoir, retarding basin, super 
embankment, environment measures and so on.  
 
Table 1.1 National land area change in R. Korea                           (KRC, 2006) 
Year National Land Area (km2) Population (10,000 persons) 
Urbanization 
(%) 
1960 98222 2499 39.1 
1970 98222 3147 50.1 
1980 98992 3744 68.7 
1990 99274 4341 81.9 
1999 99800 4736 87.6 
2005 99646 4829 90.2 
 
As mentioned on the main principle reasons of flood disaster in figure 1.2, the 
repeated flood damages in R. Korea were caused by three factors, first, important factor 
is the unpredictable and torrential rainfall event from climate change. The average 
annual precipitation in R. Korea is about 1,245mm (see figure 1.4). More than 60 
percent of the total precipitation is concentrated between June and September. Moreover, 
the extreme torrential rainfall was happened the maximum of 145 mm for one hour 
period coinciding with a rainy season under local circumstance. Second, density within 
national land area is one important factor changing the urbanization. Table 1.1 shows 
the rapid urbanization of the R. Korea's population during 35 years.  
 
Figure 1.4 Average annual precipitation in Republic of Korea 
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Finally, prediction of disaster is a limit to engineering adaptation. Extreme 
environments are those in which humans are not naturally suited and require much 
effort for adaptation. For instance, table 1.2 illustrates the pattern of destruction of 
levees due to flood in Nakdong river during five years. 205 destruction sites (about 68% 
of all cases) of levee due to flood were confirmed as some of the limitations of the 
adaptation among 465 flooding sites in national river.  
 
Table 1.2 Pattern of destruction of levees due to flood in Nakdong river   (K-water, 2005) 
Total Overflow Piping of leeve Erosion Interior Inundation Flood Inundation 
205 33 121 22 26 48 
 
• To prevent flood disaster events 
Following the classical mathematical risk concept (Vose, 1996), the statistical approach 
aims to predict the expected value of the annual flood damage (Arnell, 1989; Penning 
and Parker, 1987, 1994, 2003; Fordham et al., 1991; Stedinger, 1997; NRC, 2000; 
Todini, 1999). The first of approach is the so-called ‘statistical method’ based on 
frequency analysis of observed peak flow data (Arnell, 1989; Goldman, 1997; 
Yoshimura et al, 2008). The second major strand is the ‘rainfall-runoff method’ which 
derives a unit hydrograph model (Beven, 1979; Beven and Kirkby, 1986; Roo, 1999; 
Aronica, 2002; Kjeldsen et al., 2007). The physically-based FRA (flood risk 
assessment) is able to assess risk alternatives through the analysis of flood mitigation 
measures, such as the use of upstream retention, or an intentional dike break in an 
economically less valuable area using inundation maps and land-use types (Shidawara, 
1999; Horritt and Bates, 2002; Sande, 2001; Sande et al., 2003; Sinnakaudan et al., 
2003). Some more recent flood risk assessment (FRA) approaches took more aspects 
such as economically and explicitly integrating a wide variety of permanent and 
emergency flood control measures for floodplain management(Jay R. et al., 2002; 
Asselman and Jonkman, 2003; Kelman and Spence, 2004; Ichikawa et al., 2007; 
Yoshimura, 2008; Hara et al., 2009; Hori et al., 2008). 
 
To prevent flood disaster events, national and local governments are obliged to 
undertake structural flood control projects, such as river improvements and the 
construction of diversion channels and flood control facilities, embankment, dam, 
underground storage and tunnel system. The financial resources available for the 
implementation of these projects are often limited while nonstructural measures, such as 
flood warnings, hazard map and risk information-community and land-use management, 
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need also to be undertaken. Thus various methods have been developed recently. There 
is the requirement for an effective and efficient means of assessing projects by decision 
makers, for example, the municipal engineers and the public officials in charge of flood 
management (Masaru, 2008). Besides precipitation, the rapid urbanization and human 
activity in the lowland also increase the disaster damage. Hence, structural and non-
structure measures have a limitation of flood disasters. In R. Korea, the proposal for the 
adoption of flood controls starts to develop the integrated river management and 
information system among the useful non-structure measures. There are three main 
parts: water management information system (WAMIS; K-water, 2009), water 
management information networking system (WINS; MLTM, 2009) and river 
management geography information system (RIMGIS; MLTM, 2009). However, the 
flood risk information and analysis data are much less so in these systems. As a result, 
civilian and public officials already need to new countermeasures, such as integrated 
flood reduction management system, underground city, river restoration and 
environmental measures. 
 
In this paper, geographic information system (GIS) including satellite image is an 
effective method to interpret and produce a flood risk data in a whole watershed. The 
author performs to extraction of flood risk index for risk-based flood stage and 
floodplain management in basin-wide using satellite images and geo-spatial information 
system technique. 
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1.2 PURPOSE 
 
Recently, floods have increased due to rapid urbanization and human activity in the 
lowland. Flood effects can be local, impacting only the local community, or it can be 
very large, affecting the entire river basins. R. Korea located in the far northeast of the 
Eurasian continent also increased victims and economic damages caused by frequent 
localized torrential downpours (K-water, 2005). When the most risky factor is 
calculated, most quantitative evaluation methods cannot predict accurately how the 
inundation vulnerability will change in the actual situation because it is particularly 
related to triggering mechanisms including local area factors. Hence, the authors apply a 
simple index method of ordinal information about the decision makers’ preferences on 
the importance of criteria using a weighting system. 
The purpose of this study is to extract the GIS-based flood risk-factors using the 
quantitative index, digital elevation models (DEMs), micro-landform classification map 
and satellite images data for flood risk assessment and mapping. Flood risk factors are 
typically generated and performed by simple index considering geomorphology, fluvial 
geomorphology, potamology, hydrology and remote sensing using spatial analysis and 
image analysis. Moreover, this paper describes not only the spatial distribution map 
about flood risk factors but also the flood risk assessment procedure for disaster 
prevention in a whole basin. 
 
The proposed framework is comprised of the concept of Flood Risk Factors (chapter2 
and 3 of part I) and application of flood risk assessment (chapter 4 and 5 of part II): 
• To define the Integrated Flood Risk Management and proceed for Flood Risk 
Management (Chapter 2). 
• To be concerned with primary resource data and extract flood risk factors 
considering the unique regional characteristics focused on fluvial geomorphology 
(Chapter 3). 
• To deal with the methods available for flood risk analysis and with the application 
of the Nakdong river basin in R. Korea (Chapter 4). 
• To address the integrated analysis of flood risk factors and quantifiable index 
model method for risk-based flood stage in Yangsan watershed, R. Korea 
(Chapter 5). 
• To discuss and verify the drainage water basin in terms of regional flood 
characters (Chapter 6). 
• Finally, conclusions are given. 
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The advantages in this paper are to determine the priority ranking of flood risk and 
improve the accuracy of vulnerable inundation areas in regional basin using GIS-
derived flood risk-factors for integrated flood risk management.  
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PART I. FLOOD RISK 
 
CHAPTER 2 FLOOD RISK MANAGEMENT 
 
Abstract 
 
This chapter defines and describes the hazard, risk and disaster. Flood can be classified 
according to geological, hydro-meteorological origins. Thus, flood risks are related to 
hydrological uncertainties. The author introduces the importance of basin management 
and the influence of drainage channels for the flood disaster reduction. The author also 
needs for a better integration of flood risk factors in drainage basin management for 
regional approaches. And this chapter emphasizes the integrated flood risk management 
considering the basin under a systemic drainage and flood control point of view. Finally, 
this chapter introduces flood disaster damages in R. Korea over the last 30 years. 
KEYWORDS Hazard; Flood Risk; Flood disaster; Flood Risk Management (FRM). 
 
2.1 Definition 
 
2.1.1 Hazard 
Hazard is defined that a potentially damaging physical event, phenomenon or human 
activity, which may cause the loss of life or injury, property damage, social and 
economic disruption or environmental degradation.  
 
Table 2.1 Definition and Hazard classification                        (UN/ISDR, 2004) 
HAZARD 
A potentially damaging physical event, phenomenon or human activity, which may cause the loss of 
life or injury, property damage, social and economic disruption or environmental degradation. 
NATURAL HAZARDS 
Natural processes or phenomena occurring in the biosphere that may constitute a damaging event. 
Natural hazards can be classified according to their geological, hydrometeorological origins. 
ORIGIN PHENOMENA / EXAMPLES 
Hydrometeorological hazards 
Natural processes or phenomena of 
atmospheric, hydrological or 
oceanographic nature. 
 
Floods, debris and mudflows 
Tropical cyclones, storm surges, wind, rain and 
other severe storms, blizzards, lightning 
Drought, desertification, wildland fires, temperature 
extremes, sand or dust storms 
Permafrost, snow avalanches 
Geological hazards 
Natural earth processes or phenomena that 
include processes of endogenous origin or 
tectonic or exogenous origin, such as mass 
movements. 
 
Earthquakes, tsunamis 
Volcanic activity and emissions 
Mass movements, landslides, rockslides, 
liquefaction, sub-marine slides 
Surface collapse, geological fault activity 
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Hazards are dynamic and with highly varying potential impacts. Due to changing 
environments, many countries and regional organizations require a greater knowledge 
of hazard characteristics. While most natural hazards may be inevitable, disasters are 
not. Hazards have often been divided into those deemed natural or technological, 
based on their origins, hydro-meteorological, geological and biological categories 
(table 2.1). As environmental degradation continue to worsen, the intensity, frequency 
and impacts of hazards are also affected. Floods and windstorms are the hazards that 
most frequently lead to disasters in Asia, the Pacific, Europe and North America 
(UNDP, 2006). 
 
2.1.2 Risk 
Risk is a social construct resulting from the accumulated or short-term effects of 
social and economic processes and defined as the conditions that societies perceive as 
troublesome. Risk is defined as follow equation (2.1) (JAS, 2005; Hori et al., 2008; 
Flood site, 2005). Flood risk is defined as the product of the probability of floods and 
their consequences or alternatively to flood hazard and society’s vulnerability to 
floods (APFM, 2004). Equation 2.1 illustrates a potential damaging event, 
phenomenon or human activity - hazard; and the degree of susceptibility of the 
elements exposed to that source - vulnerability. 
 
RISK = probability × consequence                        (2.1) 
= hazard × (exposure) × vulnerability 
 
The Risk (disaster) will depend on the characteristics, probability and intensity of 
the hazard, as well as the susceptibility of the exposed elements based on physical, 
social, economic and environmental conditions. Figure 2.1 illustrates a simple 
relationship of disaster between society, environment change and human activity. 
 
 
Figure 2.1 Definition of the disaster 
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Thus, risk management is a necessary component of the development process, 
essential for achieving sustainable development. Flood risks are related to 
hydrological uncertainties. The extent of future changes cannot be predicted with 
certainty, as these changes may be random (e.g. climatic variability), systemic (e.g. 
climate change) or cyclical (e.g. El Niño). However, hydrological uncertainty is 
perhaps subordinate to social, economic and political uncertainties.  
 
2.1.3 Flood Risk (disaster) Assessment 
The Federal Emergency Management Agency (FEMA) defines disaster as follows: an 
occurrence that has resulted in property damage, deaths, and/or injuries to a 
community (FEMA, 1990). A serious disruption of the functioning of society, causing 
widespread human, material, or environmental losses which exceed the ability of 
affected society to cope using only its own resources (UN, 1992). The researchers 
have suggested that we define disaster quantitatively and characteristically (Boris, 
1995; Horlick-Jones and Peters, 1991, etc.), we can examine several working 
definitions and the criteria on which they are based. Disaster“From an emergency 
planning point-of-view, the non-fatality effects of disaster are clearly essential and 
indeed primary considerations. It is injuries, disruption and physical damage that 
generate the greatest burden on an emergency response (Horlick-Jones and Peters 
1991)”.  
 
Flood risk assessments include detailed quantitative and qualitative understanding of 
risk, its physical, social, economic and environmental factors and consequences. As a 
process, it is generally agreed that it includes：(UN/ISDR, 2004) 
• identifying the nature, location, intensity and probability of a threat; 
• determining the existence and degree of vulnerabilities and exposure to those 
threats; 
• identifying the capacities and resources available to address or manage threats; and 
• determining acceptable levels of risk. 
 
The objective of a flood risk assessment is to identify the probability of occurrence of 
a specific flooding, in a specific future time period, as well as its intensity and area of 
impact. Many of the analytical techniques useful for risk assessments can be 
accomplished by using standard computers and widely available software packages. 
Flood risk assessments are difficult to accomplish due to the different approaches in 
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assessing individual hazards. However, multi-risk assessments are essential, for 
example, in the case of the multiple potential effects. 
 
2.1.4 Integrated Flood Risk Management 
Flooding occurs in known floodplains when prolonged rainfall over several days, 
intense rainfall over a short period of time. Traditionally, flood management has 
focused on defensive practices but it is widely recognized that a paradigm shift is 
required from defensive action to the proactive management of risks due to flooding.       
The concept of Integrated Flood Management (IFM) is to integrate land and water 
resources management, water quantity, water quality, and the processes of erosion and 
deposition, in a river basin. Integrating management means multiple benefits may be 
achieved from a single intervention (UN/ISDR, 2004). The following are the five 
essential elements to IFM: 
• To manage the water cycle insofar as it relates to land, as a whole; 
• To integrate land and water management; 
• To adopt a best mix of strategies; 
• To ensure a participatory approach; 
• To adopt integrated hazard management approaches. 
 
These processes should be put into practice in such a way as to create a resilient 
community through a best mix of short-term and long-term measures comprised of 
structural and nonstructural interventions, with the active involvement of all 
stakeholders and the community at large. In this study, the author will focus on the 
integrated hazard management approaches among the five essential elements. 
Integrated assessment represents complex interactions across spatial and temporal 
scales, processes and activities. Integrated assessments can involve one or more 
mathematical models, but may also represent an integrated process of assessment, 
linking different disciplines and groups of people. Managing uncertainty in integrated 
assessments can utilize models ranging from simple models linking large-scale 
processes. Integrated flood risk management (IFRM) aims to maximize the efficient 
use of flood plains while minimizing the loss of life and property from flooding. The 
concept of IFRM is a method of flood control and flood risk reduction for socio-
economic and water resource development (Frans et. al, 2008). 
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Figure 2.2 Regional framework of IFRM 
 
Designated flood plains and flood-prone zones have to be strictly controlled by a 
spatial planning and land use management. Figure 2.2 illustrates the integrated flood 
risk management focused on flood disaster region such as agriculture and urban (red 
line). It also represents the roles that a regional framework plays in the 
implementation process of land use management and water resource management. For 
instance, upstream changes in land use can drastically change the characteristics of a 
flood and associated water quality and sediment transport characteristics. Therefore, 
most of all, it is very important to integrated flood risk management considering the 
basin under a systemic drainage and flood control point of view.  
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2.2 The Importance of Basin Management 
 
2.2.1 Network Hydrology and Geomorphology 
Gravity and Surface waters are the most effective agents in geomorphic process. 
Generation of surface runoff within the basin area is strongly influenced by the local 
slope profile and plainmetric form and its co-variation with soil and surface cover 
characteristics. Surface runoff reflects several factors in geomorphic process point of 
view (Karl, 1976); 
 
(1) Intensity and duration of precipitation. 
(2) Rate of infiltration into the soil. 
(3) Vegetation cover, soil mantle and roughness of surface. 
(4) Gradient and length of slope. 
(5) Type of surface water flow. 
 
The channel network is the focus for the interacting processes which carry surface 
water and sediment out of the drainage basin. Drainage basin is the area that 
contributes water and sediment to the river system, and is separated from adjacent 
basins by a drainage divide (John, 2003). Initiation of a channel requires a surface 
water flow to develop sufficient power. In order for a surface flow to develop such 
power, it is necessary to have sufficient water discharge and slope, which requires a 
critical source basin area and slope. 
The liner model for network hydrological response may be an imperfect basis for 
flood forecasting, but it is based on the physical processes, and therefore provides an 
important link with the goemorphology of channel network (Beven and Krikby, 1993). 
Horton (1945) and Strahler (1957）introduced the standard method for ordering 
streams in dendritic networks. In order to synthesize the structure of a drainage basin, 
we must adopt digital elevation models (DEMs) of the topography, and then improve 
upon the method of evaluate the geomorphologic characteristics. 
 
In this chapter, the author introduces the influence of drainage channels on the 
flood disaster for reduction of life or injury, property damage, social and economic 
disruption in the Nakdong river basin, R. Korea. From now, the author needs for a 
better integration of flood risk factors in drainage basin management for regional 
approaches. The reasons are as a following: First, from a network hydrology, it is 
possible to understanding of drainage basin area through a fully distributed model. 
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Second, the management of drainage basins can focus upon the incidence of flooding, 
where is most danger. How much flood protect. Finally, basin management is utilized 
to establish basin-wide layers using remote sensing and GIS techniques in order to 
analyze the spatial characterization of the drainage basin. 
 
2.2.2 The difference between the Korean river and Japanese river 
The Korean peninsula is located in the far northeast of the Eurasian continent, lying 
between 34° and 38° North, and between 126° and 130° East. It is surrounded by sea 
on three sides, with the Yellow Sea to the west, the East China Sea to the south and 
the East/Japan Sea to the East. 
Topographic characteristics include four major categories: the size of the basin, the 
drainage network (classically expressed as drainage density), the relief aspects of the 
basin, and the shape of the basin. The topographic characteristics of the Korean 
peninsula, such as steep eastern slopes and gentle western slopes, result in a great 
regional difference in flood potential. There is rapid runoff to the ocean in the east, 
but frequent flooding in the west. Typical hydrographs of Korean rivers exhibit very 
short rising limbs with extremely discharges with high peaks since Korean rivers have 
relatively small drainage areas and short, steep reaches (NRFCO, 2008). The ratio of 
runoff to the annual average rainfall of 124 billion m3 is about 58 percent, resulting in 
an annual average river discharge of 72.3 billion m3 (k-water, 2008). River runoff is 
cyclical in nature, with alternating cycles of wet and dry years. Significant deviations 
from average values differ in duration and magnitude (UNEP, 1999). 
 
Table 2.2 Comparison of characteristics between R. Korean river and Japanese river (MLT, 
2009). 
 
Table 2.2 illustrates the comparison of form between R. Korean river and Japanese 
river. One of the most important index is the coefficients of the river regime expressed 
by a ratio of maximum discharge to minimum discharge for flood control. The 
stability of flow condition was evaluated by the coefficient of river regime. Korean 
rivers usually range from 300 to 400, which is far greater than 10 to 30 for major 
 Nakdong river Yansan stream Tonegawa river 
Nation R. Korea R. Korea Japan 
Drainage Area (a, km2) 23,384.21 243.22 16,840.0 
Length (L, km)   510.36  32.30    322.0 
Ave. of width (a/L, km)     45.819    7.530       52.298 
Form factor (a/L2, km2)      0.090    0.233        0.162 
Regime coefficient 372 -  236 
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rivers of the world as shown in Figure 2.3. For instance, the coefficient of the 
Nakdong river regime indicates 372, and the coefficient of the Tonegawa river regime 
indicates 236. The river characteristics in Korea cause serious flood problems in river 
management including flood control and water use (K-water, 2008). In contrast, Japan 
river is characterized by their relatively short lengths and considerably steep gradients 
due to the narrow and mountainous topography. The coefficients of the river regime 
range from 236 to 150, which is smaller than Korean rivers characterized by 
continental river runoff. Hence, flash flood disasters have occurred in Japan recently.  
 
 
 
Figure 2.3 Comparison of river regime coefficient (MCT, 2009; K-water, 2005) 
 
Flash flood (IAHS-UNESCO-WMO, 1974) is defined, at first, that sudden flood 
with high peak discharges, produced by severe thunderstorms that are generally of 
limited areal extent. Recently, flash flood (NWS/NOAA, 2009) is defined that a rapid 
and extreme flow of high water into a normally dry area, or a rapid water level rise in 
a stream or creek above a predetermined flood level, beginning within 6 hours of the 
causative event (e.g., intense rainfall, dam failure, ice jam). 
Next, geomorphologic characters between R. Korea and Japan are represented 
downstream conditions formatted with erosion and sediment such as figure 2.4. The 
upstream of the Nakdong river basin is composed of a gneiss. The middle stream 
flows through layers of a Mesozoic formation, and the downstream flows through 
granite, sedimentary rocks and plutonic/hypabyssal rocks. In this study, MLC is 
classified in 7 classes based on micro-geomorphology (Kwon, 1973, Choi, 2006); 
marshy, dried river bed, innings, delta, valley plain, natural levee and mountain. In 
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case of the Nakdong river basin, the geologic–geomorphologic map (NGI, 2005) was 
used (scale 1:25,000). 
 
 
Figure 2.4 Geomorphologic characters of the R. Korea and Japan (Suzuki, 1998) 
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2.3 Flood Disaster in R. Korea 
 
2.3.1 Records of flood disaster history  
Natural disasters have been increasing every year due to various factors such as 
urbanization, population growth, destruction of natural environment and climate 
change. Furthermore, the Asian region accounts for nearly 90% of the total affected 
people in the world (ADRC, 2002). Floods and related disasters include floods (84%), 
landslides and mudflows (13%) and avalanches (3%). Asia remained the most 
affected continent. In R. Korea, most natural disaster damage occurs from summer 
storms and floods. In case of representative flood damages, as three recent major 
typhoons, typhoon Rusa in 2002, super typhoon Maemi in 2003 and typhoon Ewinia 
in 2006 hit the Korean peninsula in late August and early September (KMA, 2009), 
flood disasters occurred in lowland and local density of population in river basin. 
Table 2.2 illustrates severe flood disasters that happened in the Nakdong river basin, 
caused by major typhoons between 1987 to 2002 in R. Korea.  
 
Table 2.3 Status of damage caused by worst typhoon between 1987 to 2002 in R.Korea (K-water, 
2005). 
Name of typhoon Pressure (hPa) Period 
Death 
(person) 
flood sufferers 
(person) 
Damage 
(1,000 dollars) 
THELMA 955 ’ 8 7 . 7 . 1 6 ～ 7 . 1 6 178 99,156 617,429 
DINAH 962 ’ 8 7 . 8 . 3 0 ～ 8 . 3 1 73 12,486 174,520 
JUDY 975 ’ 8 9 . 7 . 2 8 ～ 7 . 2 9 20 22,103 180,446 
ABE 995 ’ 9 0 . 9 . 1 ～ 9 . 2 8 46 1,825 
CAITLIN 970 ’ 9 1 . 7 . 2 8 ～ 7 . 3 0 2 154 11,103 
GLADYS 975 ’ 9 1 . 8 . 2 2 ～ 8 . 2 6 103 20,757 326,899 
TED 985 ’ 9 2 . 9 . 1 9 ～ 9 . 2 5 - 433 7,123 
ROBYN 955 ’ 9 3 . 8 . 8 ～ 8 . 1 2 6 2,500 117,493 
FAYE 950 ’ 9 5 . 7 . 2 3 ～ 7 . 2 4 42 4,524 114,319 
JANIS 992 ’ 9 5 . 8 . 1 9 ～ 8 . 3 0 65 24,146 567,577 
OLIWA 915 ’ 9 7 . 9 . 1 5 ～ 9 . 1 7 11 368 6,230 
YANNI 965 ’ 9 8 . 9 . 2 9 ～ 1 0 . 1 57 6,086 284,245 
OLGA 970 ’ 9 9 . 7 . 3 0 ～ 8 . 4 67 25,327 1,107,796 
PRAPIROON 965 ’ 0 0 . 8 . 2 7 ～ 9 . 1 28 1,927 260,847 
SAOMAI 925 ’ 0 0 . 9 . 1 2 ～ 9 . 1 6 2 990 151,353 
RUSA 950 ’ 0 2 . 8 . 2 3 ～ 9 . 1 246 63,085 5,147,917 
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2.3.2 Damage of flood disaster 
Over the last 30 years, a total of 2,156 floods were reported in EM-DAT (2004), 
resulting in the deaths of 206,303 people and affecting more than 2.6 billion in the 
world. In case of R. Korea, total flooded areas for the 1995-2004 periods were 
578,904ha, or about 60,000ha per year (NGI, 2009). Fortunately, the experienced 
significant inundation areas have tended to decrease over time in recent years, owing 
to mitigation efforts such as river projects and pumping facility installations. However, 
Typhoon Rusa in 2002, killed 246 people, downed 24,000 power lines, destroyed 645 
ships, resulted in the 3 deaths of 300,000 livestock and cost $5.1 billion US dollars. 
Typhoon Maemi in 2003, the strongest to hit R. Korea in a century, killed at least 85 
people. Figure 2.5 illustrates that despite a decrease in the number of victims, the 
economic damage costs in R. Korea increased greatly in 2002 compared to the 
average in 1992, 1996 and 1999 years (K-water, 2005).  
 
 
 
Figure 2.5 Amount of damage caused by natural hazard between 1987 to 2002 in Korea     
(K-water, 2005). 
 
 
 24 
 
24 Ch2. Flood risk management
REFERENCES 
 
1.  ADRC (2002) Data Book on Asian Natural Disasters in the 20th century, Asian 
Disasters Reduction Center, pp.2-30 
2.  APFM (2004) Integrated Flood Management, The Associated Program on 
Flood Management, pp.16-18. 
3.  Beven K. and Krikby M.J. (1993) channel network hydrology, Wiley, ISBN0-
471-93534-4, pp.1-11. 
4.  Boris N. Porfiriev (1995) “Disaster and Disaster Areas: Methodological Issues 
of Definition and Delineation.” International Journal of Mass Emergencies and 
Disasters Vol.13, No.3, p. 287. 
5.  Choi, H.R (2006) The Geomorphic Development and the Quaternary 
Environmental Change in Korea, Hanul Academy, ISBN89-406-3569-2, pp155-
174. 
6.  EMDAT (2004) Thirty years of natural disaster 1974-2003: the numbers, emergency 
events database, Centre for Research on the Epidemiology of Disasters (CRED), 
ISBN : 2-930344-71-7, http://www.emdat.be/Database/Disaster 
7.  FEMA. (1990) Definitions of Terms (Instruction 5000.2). Washington DC: 
FEMA, April 4. 
8.  Frans.K, Paul. S, Ad van Os. (2008) Towards Flood Risk Management in the 
EU: State of affairs with examples from various European countries, 
International Journal of River Basin Management, IAHR, INBO&IAHS. Vol.6, 
No.4, pp. 307-321. 
9.  Flood site (2005) Towards Flood Risk Management in the EU, Intl. J. River 
Basin Management Vol. 6, No. 4 (2008), IAHR, INBO & IAHS, pp. 307–321. 
10.  Hori, T., Furukawa, S., Fujita, A., Inazu, K. and Ikebuchi, S. (2008) An optimal 
design framework of a flood control system  including in floodplain countermeasures 
based on distributed risk assessment - basic concepts and methodology, Journal of the 
Japan Society of Civil Engineers B, Vol. 64, No. 1, pp.1-12. 
11.  Horlick-Jones, Tom, and G. Peters (1991) Measuring Disaster Trends Part 
One: Some Observations on the Bradford Fatality Scale, Disaster Management, 
Vol. 3, No. 3, pp. 144-148. 
12.  Horton (1945) Horton, R. E. 1945. “Erosional Development of Streams and 
Their Drainage Basins: Hydrophysical Approach to Quantitative Morphology” 
Bull.Geol.Soc.ofAmerica,Vol.56, pp 275-370. 
 25 
 
25 Ch2. Flood risk management
13.  IAHS-UNESCO-WMO (ed.1974) Flash Floods. In: Proceedings of the Paris 
Symposium. UNESCO: Paris; 119 (Publication No. 112). 
14.  JAS (2005) Hazard map: action and utilization, Japan Association of 
Surveyors, a committee on hazard map, ISBN4-88941-002-3, pp.19-54. 
15.  John S. Bridge (2003) rivers and floodplains-forms, processes and sedimentary 
record, Blackwell publishing, pp.1-7. 
16.  Karl W. Butzer (1976) geomorphology from the earth, Haper & Row 
publishers, New York, ISBN 0-6-041097-3, pp.97-104. 
17.  KMA (2009) Korea Meteorological Administration, http://www.kma.go.kr/ 
accessed: Agu.2009. 
18.  K-water (2005) ‘National Water Resources Plan 2006’, http://waterplan.kwater. 
or.kr/ accessed: Dec. 2007. 
19.  Kwon, Hyuck Jae. (1973) A Geomorphorphic Study of the Nakdong Delta, 
Journal of the Korean Geography society. Vol.8, No.1, pp.8-23. 
20.  MCT (2009), Korean Ministry of Culture, Sports and Tourism, accessed: Sep 
2009. www.mct.go.kr/  
21.  NGI (2005) National Geographic Information Institute. R.Korea, 1:25,000 
national digital map. 
22.  NWS/NOAA (2009) Glossary. http://www.weather.gov/glossary, accessed: Sep 
2009. 
23.  Strahler, A. N. (1957) Quantitative analysis of watershed geomorphology. 
Transactions of the American Geophysical Union 38, pp.913-920 
24.  Suzuki Takasuke (1998) introduction to map reading for civil engineers, Vol.1, 
geomorphological basis for map reading, ISBN4-7722-5006-9 C3351.  
25.  NGI (2009) National Geographic Information Institute: national atlas of 
R.Korea, http://atlas.ngii.go.kr/ accessed: Sep 2009. 
26.  NRFCO (2008) Nakdong River Flood Control Office, accessed; Sep, 2008 
http://www.nakdongriver.go 
27.  UN/ISDR (2004) Living with Risk A global review of disaster reduction 
initiatives 2004 version, Inter-Agency Secretariat of the International Strategy 
for Disaster Reduction, United Nations Publications(UN) 
28.  UN (United Nations), Department of Humanitarian Affairs. (1992) 
Internationally Agreed Glossary of Basic Terms Related to Disaster 
Management (DNA/93/36), Geneva Switzerland: UN. 
29.  UNEP (1999) United Nations Environment Programme, Vital Water Graphics, 
http://www.unep.org/dewa/assessments/ecosystems/water, accessed: Sep 2009. 
 26 
 
26 Ch3. Extraction of risk factors  
CHAPTER3 EXTRACTION OF RISK FACTORS FOR IMPROVING 
FLOOD MAP ACCURACY 
 
Abstract 
 
The integration of GIS, remote-sensing image and field data has the potential to provide 
valuable information about vulnerable flood risk areas and reduces the ambiguity of the two 
relationships between mainstream and tributary. This chapter describes the extract method of 
risk factors for improving flood map accuracy. The method of flood assessment for IFRM 
consists of flood risk factors at the point of confluence and flood risk relating to the river basin. 
The quantitative index model indicates the priority ranking order and vulnerability of flood 
risk based on the flood risk factors and weightings. The flood risk at confluence (FRC) is 
recalculated to generate the risk rankings for flood. Then, raster calculation of flood risk in 
watershed (FRW) determines identifying inundation areas related to water depth and draining. 
The concept of GIS-based flood risk factors is relatively new, and related results and 
conclusions can be useful for strategic water management and urban planning.  
KEYWORDS Integration of GIS data; Index model; Flood Risk Confluence (FRC); Flood Risk 
Watershed (FRW); Priority ranking; 
 
3.1 Primary data of flood risk factors  
 
3.1.1 Topography data  
Hydrologic processes are fundamentally different on hill slopes and in channels. In 
channels flow is concentrated. Topography is an essential factor in hydrologic models 
of flooding and runoff. One of the most obvious factors controlling stream flow is 
the gradient, or slope, of the stream channel (Goldman, 1997). It is available for 
calculating at a drainage basin area using the digital elevation models (DEMs); DEMs 
extracted by Shuttle Radar Topography Mission (SRTM) imagery (spatial resolution: 
90m) Data (Sun et al., 2003; Farr et al., 2007; NASA, 2009; USGS, 2009), an 
international research effort that obtained DEMs for nearly the entire globe. SRTM 
consisted of a radar system that flew on board the Space Shuttle Endeavour during an 
11-day mission in February of 2000 (Rabus et al., 2003). SRTM obtained elevation 
data on a near-global scale to generate the high-resolution digital topographic 
database of Earth. DEMs have been used in various ways to aid flood mapping and 
modeling. In this paper, DEMs data of study area are obtained from SRTM3 Data 
acquired February 2002 (N35° E127°~ N37 °E129°). 
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Figure 3.1 Digital elevation model (DEM) of SRTM data 
 
3.1.2 Satellite Image data 
This paper has used two satellite images which are the DEM of SRTM and Landsat 
TM/ETM image data in order to analyze the related data of a flood disaster such as 
water depth, land use and so on. Hydrologic parameters as a function of current land 
use it becomes possible to rationally predict the impact future land use changes will 
have on the quantity and quality of future runoff. Land use changes are necessary to 
analyze the flood disaster. Geographic information system (GIS) including satellite 
image is an effective method to interpret and analyze a flood risk data in the whole 
basin. Gianinetto etc, (2006) suggest Post-flood damage evaluation using Landsat TM 
and ETM+ data integrated with DEM. The water bodys from remote sensing images 
have also been used to create DEMs (Smith and Bryan, 2007). In a complex area such 
as large whole a basin there are many factors having a negative influence to flood, 
when the purpose is to search for the relations between remotely sensed data and 
geomorphology. Landsat TM/ETM data have a good potential for mapping of factors 
(spatial resolution: 30m) like vegetation covers, wetness and land use and so on 
(Lunden, 2001). 
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Figure 3.2 Landsat TM mosaic images 
 
This paper in study used Landsat TM/ETM images acquired on 30 April 1985, 23 
April 2000, 27 April 1987, 27 April 1987 and 13 April 1988. Images for Nakdong 
river basin are located by satellite Path/Row: 114/35, 114/36, 115/34, 115/35, 115/36 
(table 3.1). Figure 3.2 illustrates Landsat TM mosaic images. 
 
Table 3.1 Primary data and flood risk factors. 
 
3.1.3 Geomorphic data  
The geomorphic classification is to define naturally occurring clusters of geomorphic 
characteristics that would be indicative of discrete sets of geomorphic processes, with 
the intent that such a classification would be useful in river management (Robert, 
2006). Difference in flooding conditions is distinguished in the floodplain according 
 Acquired date Path/Row remarks 
Landsat TM 
30 April 1985 
23 April 2000 
27 April 1987 
27 April 1987 
13 April 1988 
114/35 
114/36 
115/34 
115/35 
115/36 
Pre-flood 
Landsat ETM 05 April 2002 114/35 Land use change in watershed 
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to the micro landform. The statistical micro landform classification is based on 
geomorphic characteristics of the river process. The integration of remote-sensing and 
landform data provide valuable information about unknown area and reduces the 
ambiguity of geomorphologic interpretations. Landsat ETM+ images are overlain on 
three Dimension (3D) maps of DEM to identify regional landforms (Demirkesen, 
2008). A 3D model of the digital terrain model in Nakdong river basin is generated 
and analyzed using both Landsat TM imagery and the SRTM DEM. 
 
3.1.4 Hydrologic data 
The average annual precipitation in R. Korea is about 1,274mm (Table 3.2) and 
middle districts are about 1,100~1,400mm, south districts are about 1,000~1,800mm. 
More than 60 percent of the total precipitation is concentrated between June and 
September. Table 3.2 illustrates the annual precipitation at meteorological stations in 
Nakdong river basin.   
  
Table 3.2 Average annual precipitation at meteorological stations in Nakdong river basin 
(KMA, 1971 ~ 2000, unit: mm) 
 
However, figure 3.3 shows the event of maximum rainfall per hour recorded by KMA 
from 1990 to 2007. The upward trend at first suggests an exponential increase in 
concentration time. The upward trend at second shows the maximum rainfall 145 
mm/hr in 1998. This makes the increase of the event of 100 mm/day rainfall days 
more possible today than in the past (table 3.3).  
 
Table 3.3 Event of 100 mm/day rainfall days (KMA, 2009). 
1971~1980 1981~1990 1991~2000 2001~2008 
total event            (times) 221 303 338 284 
the yearly mean event   (times) 22.1 30.3 33.8 35.5 
Max. Rainfall       (mm/day) 516 870.5 
the yearly mean Rainfall  (mm) 1274 
 
month 
station Jan Feb Mar Apr May Jun Jul Agu Sep Oct Nov Dec Total
Daegu 21.6 27.1 51.6 75.2 75.3 140.7 206.7 205.8 129.6 42.0 37.1 15.2 1,027.9 
Pusan 37.8 44.9 85.7 136.3 154.1 222.5 258.8 238.1 167.0 62.0 60.1 24.3 1,491.6 
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Figure 3.3 Event of maximum rainfall per hour (1990~2007, KMA). 
 
Due to the topographical conditions and torrential rainfall, the hydrographs of rivers 
in Korea are very sharp and peak flood discharges are compared with other 
comparable rivers in the continent. Figure 3.4 illustrates the relationship of 
hydrograph between precipitation and discharge adjacent Yangsan confluence point in 
Nakdong river. At the peak point of maximum one day rainfall intensity (middle of 
red line, 99mm/day), the discharge proliferates in low parts (12,000m3/s). However, 
figure 3.4 indicates that the maximum discharge at first has a time lag within 24 to 48 
hours in 9. July 2008. 
 
 
Figure 3.4 Hydrograph of rainfall and discharge at confluence (KMA, 2008) 
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In this paper, the author starts to perform the extraction from primary data; SRTM 
DEM, Landsat TM/ETM+ images, landform classification data and flooding history. 
Secondary data that is flood risk factors are integrated to constrain quantitative risk 
index models about the lowland of confluence and adjacent Nakdong river such as 
catchment area, slope, confluence angle, relative elevation model, landform 
classification and land use (figure 3.5). 
 
 
Figure 3.5 Process of risk factors 
 32 
 
32 Ch3. Extraction of risk factors  
3.2 Methodology  
 
3.2.1 Flood assessment 
The method of flood assessment for IFRM consists of flood risk factors at the point of 
confluence and flood risk relating to the river basin. First, in reference review, the 
author gathers and classifies previous occurred floods by flood disaster patterns in 
order to determine the flood risk assessment as whole basin. And then, the author has 
determined the flood risk factor for better risk assessment. Finally, the author has 
applied the method of quantitative index model (equation 3.3) to the 14 confluence 
sites in the Nakdong river basin, R. Korea. According to the figure 3.6, flood disaster 
risk assessment is constructed to determine the flood risk by simplified functions 
(equation 3.3 and 3.4):  
 
 
Figure 3.6 Basic structure of flood disaster risk assessment 
 
After primary data are converted into flood risk factors of GIS based data (table 3.4), 
flood risk is divided into two the relationships between the flood risk at confluence 
(FRC) point and the flood risk on watershed (FRW) area (Figure 3.6).  
 
Table 3.4 Primary data and flood risk factors. 
 
 
Risk-factors Primary data Shape Flood risk factors (GIS-based)  
Criteria Flooding data Point Flooding site survey 
Step I 
(confluence) SRTM (DEM) Polyline 
Inundation index (IVI) 
Flow capacity (FC) 
Flow resistance(FR) 
Step II 
(watershed) 
Landsat TM/ETM 
Geomorphic map Polygon 
REM 
Land use 
MLC 
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3.2.2 Flood risk at confluence (FRC)  
The function of FRC indicates a correlated relationship between IVI, FC and PF as 
flood risk factors at confluence point in Nakdong river basin. The equations (3.2) 
illustrate the function of FRC. 
 
FRC = f (IVI, FC, FR)                           (3.2) 
 
The quantitative index model indicates the priority ranking using IVI, FC and FR 
factors and weight. Top value of FRC has the first priority among the confluences. 
The flood risk based priority ranking is calculated by equation (3.3). The normalized 
index model of FRC can be described as followed: 
 
FRC = WIVI×IVI + WFC×FC + WFR×FR                 (3.3) 
Where, ΣWIVI, FC, FR=1; the weight for the flood risk-factors 
Max{1-(n-i)b-Si-1, a} ≦ Wxi ≦ Min{1-(n-i)a-Si-1, b}, Si＝∑k ＝ 1 i xi  
 
The calculation of weight WFRC is processed a two step procedure. At first, variables 
of IVI, FC and FR factors have converted to be equivalent to 100 grades before 
calculating such as table 3.5. After normalization, the ranked factors of the confluence 
point are calculated by equation (3.3). 
 
Table 3.5 Normalization of IVI, FC and FR factors in Nakdong basin 
Flooding
(times/5yr) IVI index Normalized FC index Normalized FR index Normalized
CP No.1 0 6.65 25.92 92.49 7.70 4.2747 1.10
CP No.2 0 6.97 35.70 101.57 8.50 8.1428 2.00
CP No.3 0 7.24 46.77 154.22 12.90 14.121 3.50
CP No.4 0 7.08 39.85 292.58 24.40 30.744 7.70
CP No.5 0 7.2 44.93 377.89 31.50 42.819 10.70
CP No.6 0 7.41 55.43 392.43 32.70 53.923 13.50
CP No.7 3 7.13 51.40 416.97 61.50 158.768 17.40
CP No.8 4 6.85 53.30 614.57 45.6 209.08 31.3
CP No.9 1 7.39 54.34 359.15 29.9 77.819 19.5
CP No.10 5 7.28 57.10 469.58 42.8 204.08 27.5
CP No.11 5 7.44 62.90 689.25 45.3 345.79 41.7
CP No.12 3 7.52 61.88 413.91 34.5 120.77 30.2
CP No.13 2 7.75 77.88 425.15 35.4 126.53 31.6
CP No.14 5 7.49 60.05 985.25 82.10 316.34 79.10
Yangsan
CP No.
IVI FC FR
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Second, when the FRC of the previously occurred flooding becomes the highest value, 
the weighted numerical values (Wivi=0.15,Wfc=0.55, Wfr=0.30) are determined by 
value relations. Figure 3.7 illustrates the process of weight (Wi). The calculation of 
weight is carried out inverse operation that reverses the effect of another operation. 
The weight given to a criterion indicates its relative importance compared to other 
criteria. The weight is calculated by each weight in progression considering all 
numbers within a range from 0.0 add 0.01 to get totally 1.  
 
 
Figure 3.7 Calculation of weight (Wi) 
 
In case of the weight WFRC，weight values of FC represents two-dimensional 
statistical data; two variables maximum FRC and Weight of FC. In scatter-plot, every 
calculation (FRC max, WFC) is presented as a point in X, Y coordinate system. The 
resulting maximum FRC value indicates the strength of the risk relationship between 
the two variables. 
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Figure 3.8 Scatter plot of weight FC (WFC) 
 
3.2.3 Flood risk on watershed (FRW) 
FRW is calculated and overlaid by the category of vulnerable raster shape. The 
equations (3.4) illustrate the function of FRW indicated the three relationships of 
flood risk factors between REM, MLC and LU. 
 
FRW = f (REM, MLC, LU)                        (3.4) 
 
FRW = WREM×REM + WMLC×MLC + WLU×LU                 (3.5) 
Where, ΣWREM, MLC, LU=1; the weight for the flood risk-factors 
Max{1-(n-i)b-Si-1, a} ≦ Wxi ≦ Min{1-(n-i)a-Si-1, b}, Si＝∑k ＝ 1 i xi  
 
The calculation of weight WFRW is processed a two step procedure. At first, variables 
of IVI, FC and FR factors have converted to be equivalent to 100 grades before 
calculating. After normalization, the ranked factors of the confluence point are 
calculated by equation (3.5). When the FRW of the previously occurred flooding 
becomes the highest value, the weighted numerical values (WREM=0.45,WMLC=0.30, 
WLU=0.25) are determined by value relations. 
 
 
Figure 3.9 Calculation of FRW 
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3.3. Identification of risk factors influencing floods 
 
3.3.1 Inundation Vulnerable Index (IVI) 
One of the most obvious factors controlling the stream flow is the gradient, or slope, 
of the stream channel. The inundation vulnerable index (IVI) is a topographic index 
shown in the formula, ln(a/tanβ), where a is the drainage basin area and β is the 
gradient (Beven, 1986). The drainage basin includes both the streams and rivers. The 
drainage basin area is calculated to every cell of square 90 meters using DEM. DEM 
is created from SRTM data, the Shuttle Radar Topography Mission (SRTM) elevation 
data obtained on a near-global scale to generate a high-resolution digital topographic 
database of Earth (NASA, 2009).  
 
3.3.2 Flow Capacity (FC) 
Flow capacity (FC) is defined as a hydraulic variable that describes how much fluid is 
being moved. There are two necessary conditions required for bankfull flow. The first 
is that the drainage basin area (a) must be proportioned a flood discharge, and the 
second is that the levee is a uniform cross section. The surface area of the whole 
drainage basin is normally proportional to the volume of water that must be 
discharged per unit time (Richards, 1985). When overflow occurs at peak value, 
maximum flow capacity will be able to assume the capacity of overbank flow over the 
HWL (highest water level). At that time, flow capacity is increased in proportion to 
catchment area and flow volume. FC is calculated a cross section of channel using the 
equation FC=a/(Hi×Wi), where a is the drainage basin area, H is the height of levee 
and W is width of channel, such as figure 3.10. 
 
Figure 3.10 Cross section for calculating FC 
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3.3.3 Flow Resistance (FR) 
The flow resistance has been studied by many researchers (McDonald, 2005; Nelson 
et al 2003) such as Myers (1975, 1987) who analyzed the influence of the width ratios 
of main channel to floodplain on the redistribution of flow resistance. In this paper, 
Flow Resistance (FR) is defined as the resistance index of the surface flow field at the 
confluence point in the gradient of a scalar function, which considered the confluence 
angle between mainstream and tributary. The local flow field is determined by the 
shape of the channel. The inundated area is almost at the confluence area of the two 
streams, thus a tributary overflows bounding discharge capacity of the stream. Figure 
3.11 illustrates that tributary meets the main stream and flows backward against the 
high surface flow energy. 
 
Figure 3.11 Surface flow energy at the confluence 
 
3.3.4 Relative flood area elevation model (REM) 
The definition of relative flood area elevation model (REM) is a water depth damage 
index. Because of the characteristic shallow terrain of most floodplains, DEM errors, 
resolution, or degree of generalization can make it difficult to use DEM-based models 
to successfully describe the detailed geomorphology and flood dynamics for 
floodplains (Lee et al., 1992; Hunter and Goodchild, 1995). In order to solve the 
problem, REM is modified and recalculated the qualified elevation model using DEM 
based on the zero height of main stream. REM implies the value of water depth 
acquired from a main stream (h=0meter). Equation (3.1) illustrates height of REM 
between DEM and main stream.  
 
H_ij REM = H_ij (DEM) – H_ij (main stream)                    (3.1) 
Where, H: height of surface, i: number of pixel, j: number of line. 
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In this equation, the water depth of inundation area can be seen as the one major 
influencing factor of building and agriculture damage.  
The REM is used in sequence to create a stream network. Fills sinks in a surface 
raster to remove small imperfections in the Elevation data (DEM). A sink is a cell 
with an undefined drainage direction; no cells surrounding it are lower. The pour point 
is the boundary cell with the lowest elevation for the contributing area of a sink. If the 
sink were filled with water, this is the point where water would pour out (ESRI, 2007). 
The Flow Direction is an integer raster. The values for each direction from the center 
are: 1, 2, 4, 8, 16, 32, 64, or 128. Figure 3.12 illustrates the raster creation of REM to 
each cell. 
 
 
Figure 3.12 Raster creation of REM 
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3.3.5 Micro-Landform Classification (MLC) 
MLC is also one of the most obvious flood factors about vulnerable flood risk areas. 
The author approaches distributing flood risk from a geomorphologic point of view, 
rather than a regional one. The author applied a flood risk assessment method, which 
considers factors representing washed geomorphology and human activities, to assess 
the flood risk in Nakdong river basin, R.Korea. In this study, MLC is classified in 7 
classes based on micro-geomorphology (Kwon, 1973); marshy (wetland), dry river 
bed, water, delta, valley plain, natural levee and mountain.  
 
 
3.3.6 Land use (LU) 
Land use is adopted where intensified development on a particular flood plain. Land 
use classification scheme was designed for this study area and classified by 7 classes 
verified by a topographical map (scale 1:25,000, NGI, 2005): residential building, 
factory, paddy field (agriculture), barren, glass, water and waterside used 
unsupervised classification method of the iterative self-organizing data (ISODATA) 
algorithm. Image classification, including supervised and unsupervised classification, 
is an established analytical procedure of digital image processing (Lillesand and 
Kiefer, 2000). Supervised classification procedures require a human analyst to 
provide training areas, which form a group of pixels with known class label, so as to 
assemble groups of similar pixels into the correct classes (Avery and Berlin, 1992). In 
comparison, unsupervised classification proceeds with only minimal input. An 
unsupervised classification divides all pixels within an image into a corresponding 
class pixel by pixel. An important factor is the maximum flooding damage values the 
relationship between LU and risk of flooded areas (Roo, 1999). Most of all, the 7 
classes are derived from assessing values of flooding damage (Sande, 2003, Vrisou 
van Eck and Kok, 2001) focusing on a weak point of flooding. LU factor is possible 
to identify the flood risk per classification using estimated densities of damage per 
1m2 (table 3.6). 
 
Table 3.6 Maximum flooding damage values collected from the literature 
Land use class Maximum damage 
Per square meter in 1995(€) 
Source 
Wheat field 0.13  
Roads 15.74 Vrisou and Kok (2001) 
Industry 68.07 Kok (2001) 
Residential 1861.90 Vrisou and Kok (2001) 
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3.4 Conclusion 
 
The integration of GIS, remote-sensing image and field data has the potential to 
provide valuable information about vulnerable flood risk areas and reduces the 
ambiguity of the two relationships between mainstream and tributary. In this paper, 
DEM, Landsat TM/ETM+, geomorphic data are integrated to constrain quantitative 
flood risk factors about the lowland of confluence and adjacent the Nakdong river 
(Chapter 4 and 5). 
 
Chapter 3 summarizes the six major flood risk factors affecting the vulnerability of 
inundation areas. This method also presents a good example of the combination of 
GIS and mathematical model in flood risk assessment and management. 
The first, IVI represents a theoretical estimation of the accumulation of flow at any 
point. And IVI is one of the most important factors controlling the stream flow 
considering a gradient. The second, FC; when overflow occurs at peak value, 
maximum flow capacity will be able to assume the capacity of overbank flow. The 
third, FR; the local surface flow field is determined by the shape of the channel. The 
inundated area is almost at the confluence area of the two streams, thus a tributary 
overflows bounding discharge capacity of the stream. The author analyzes the 
influence of the cross section ratios of main channel to floodplain on the redistribution 
of flow resistance. The fourth, REM indicates the value of water depth acquired from 
a main stream. The water depth of inundation area can be seen as the one major 
influencing factor of residence, facilities and agriculture damage. The fifth, Land use 
changes are necessary to analyze the flood disaster. GIS including satellite image is an 
effective method to interpret and analyze a flood risk data in the whole basin. Finally, 
MLC; flooding conditions are distinguished in the floodplain according to the micro 
landform. The integration of remote-sensing and landform data provide valuable 
information about unknown area and reduces the ambiguity of geomorphologic 
interpretations. Landsat TM/ETM+ images were overlain on three dimension maps to 
identify regional landforms in the river basin.  
 
Although this method including spatial analysis and image analysis requires certain 
assumptions and expertise to successfully calculate multiple risk factors, flood risk 
factors enhance the current capability for strategic flood risk management and urban 
planning with the GIS expert’s point of view. The improvement of geographic 
information system (GIS) technology provides the available and related data for all 
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phases of a flood disaster event, aided by thematic maps and spatial analysis of factors 
related to flood disasters. The integrated flood risk data from GIS and satellite images 
also make it possible to improve understanding of topographic features and to extract 
the flood risk factors from thematic maps. 
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PART II. APPLICATION OF FLOOD RISK ASSESSMENT 
 
CHAPTER 4 ASSESSMENT OF MULTI-FACTORS AFFECTING 
URBAN FLOODS USING SATELLITE IMAGE: A Case Study in 
Nakdong River Basin, R. Korea 
 
Abstract 
 
The main types of natural disasters experienced by R. Korea are floods during the rainy season. 
In particular, these floods are caused by frequent localized torrential downpours during the rainy 
season and occasional severe typhoons. The lessons we can draw from these floods give us 
valuable knowledge to mitigate future flood disasters. This chapter describes the flood risk 
assessment procedure for disaster prevention in the Nakdong river basin. The purpose of this 
study is to apply the GIS flood risk factors for flood risk assessment and mapping. The author 
adapted the method of flood control and flood risk reduction for socio-economic using the flood 
risk factors. The flood disaster assessment for IFRM consists of the flood risk factors at the 
point of confluence and flood risk related to watershed area. The author applied flood risk 
factors to the 14 confluence sites in the Nakdong river basin, R. Korea. As a result, it was 
possible to identify the regional inundation areas based on the flood risk factors using GIS 
(geographic information system) data including imagery and spatial analysis.  
KEYWORDS Flood risk factors; Integrated Flood Risk Management (IFRM); GIS data; flood 
risk assessment; 
  
4.1 Introduction 
 
4.1.1 Background  
Recently, floods have increased due to rapid urbanization and human activity in the 
lowland. Flood effects can be local, only the local community, or it can be very large, 
affecting the entire river basins. The main types of natural disaster experienced by 
Republic of Korea are floods during the rainy season. The average annual 
precipitation in R. Korea is about 1,245mm, more than 60 percent which is 
concentrated in the period between June and September. In particular, floods are 
caused by frequent localized torrential downpours during the rainy season and 
occasional severe typhoons. For instance, typhoon ‘Rusa’ and `Maemi` swept through 
the land of R. Korea and did serious damages over a large area in 2002, and 2003 (K-
water, 2005). These floods give us valuable knowledge to mitigate future flood 
disasters such as integrated flood reduction management system. Flood management 
practices have largely focused on reducing flooding and reducing the susceptibility to 
flood damage. Thus, various research and methods have been recently developed. The 
flood risk assessment (FRA) in current practice is two main strands about rainfall and 
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river flood frequency estimation (Calver, 2009). The first major strand is the so-called 
‘statistical method’ based on frequency analysis of observed peak flow data (Arnell, 
1989; Goldman, 1997; Yoshimura et al, 2008). The second major strand is the 
‘rainfall-runoff method’ which derives a unit hydrograph model (Beven, 1979; Beven 
and Kirkby, 1986; Roo, 1999; Aronica, 2002; Kjeldsen et al., 2007). Some more 
recent FRA approaches took more aspects, economically and explicitly integrating a 
wide variety of permanent emergency flood control measures for floodplain 
management (Jay R. et al., 2002; Ichikawa et al., 2007; Yoshimura, 2008; Hara et al., 
2009; Hori et al., 2008). Therefore, integrated management of total basin system is 
necessary to prevent further flood damages in the society. 
This paper describes the flood risk assessment procedure for disaster prevention. 
The author suggests the method of flood risk assessment for mapping in watershed 
using satellite images and geo-spatial information system. In this study, the 
advantages of FRA are to extract multi-factors applying statistic method and decide 
ranking of stream in Nakdong basin using an alternative approaches, integrated flood 
management. Next step, we improve the accuracy of a vulnerability area in local basin. 
Considering the regional parameters of flood factors, we improve and solve a 
disparity of risk assessment on downstream flooding. In order to determine the 
geomorphologic effectiveness of the floods, the author uses the flooding data, GIS 
data and satellite images in 2002. The author suggests the methodology for mitigating 
floods using spatial analysis and image analysis. 
 
4.1.2 Objective 
Flood disaster is serious natural disaster, so the mitigating of flood risk is especially 
important role to protect Korean during the rainy season, heavy rainfall and typhoon. 
Integrated flood risk management (IFRM) aims to maximize the efficient use of the 
floodplains while minimizing the loss of lives and properties from flood disaster. The 
purpose of this study is to extract the GIS-based flood risk-factors, the inundation 
vulnerable index (IVI), flow capacity (FC), potential flow (PF), the relative digital 
elevation model (REM), micro-landform classification (MLC), and land use (LU), for 
flood risk assessment and mapping. Risk factors typically consider including 
topography, fluvial geomorphology, hydrology, geology, land use. Moreover, this 
study confirms to produce not only the spatial distribution data of multiple risk factors 
but also the flood risk assessment map of an inundation area in a whole basin. 
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4.2 Methodology  
 
4.2.1 Study area 
The author has determined 14 confluence sites of the national-river and regional 1st 
class river in Nakdong river basin, R. Korea as my prime research focus area. The 
Nakdong river basin is the second largest basin in R. Korea and is surrounded by 
mountain ranges. Its length is 521.5km and its area is 23,817km2. It is centered in 
Gyeongsang Province and is located between north latitude 127°29′ to 129°18′ and 
east longitude 35°03′ to 37°13′. Geologically the Nakdong basin represents part of the 
Archeozoic era, which is comprised of granite, sedimentary rocks and 
plutonic/hypabyssal rocks. The flows get wider and slower as the gentle slope of 
discharge increases (NRFCO, 2008). Figure 4.1 illustrates study area and fourteen 
confluence points (CP) in Nakdong river basin. Mosaic image in figure 4.1 is made of 
TOPO 30 (left figure 4.1) DEM data and SRTM (right figure 4.1) DEM data obtained 
from USGS in U.S.A. 
 
 
 
 
 
 
Figure 4.1 Location of the Study area and fourteen confluence points (CP). 
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4.2.2 Methodology  
The floods as natural phenomena are caused by the environmental factor. This case 
study is applied to a quantitative index model considering regional characters, an 
isthmus, meandering and curvature among the diversity of circumstances in Nakdong 
river basin. The flood risk factors are based on two major hypotheses. First, the 
drainage basin area (a) must be proportioned a flood discharge. Second, that the levee 
follows a uniform cross section like a bank full channel. Before determining the flood 
risk factors, the author gathers and analysis flood disasters from previous occurred 
floods in Nakdong river basin. After primary data are converted into flood risk factors 
of GIS based data, flood risk assessment evaluates at confluence points in the whole 
basin. Two stages are available for calculating the quantitative index model. 
First, the equations (4.1) illustrate the function of FRC. The function of FRC 
indicates a correlated relationship between IVI, FC and PF as flood risk factors at 
confluence point in Nakdong basin. 
 
FRC = f (IVI, FC, FR)                                 (4.1) 
 
Second, the quantitative index model indicates the priority ranking using IVI, FC 
and FR factors and weight. Top value of FRC has the first priority among the 
confluences. The flood risk based priority ranking is calculated by equation (4.2). The 
weight given to a criterion indicates its relative importance compared to other criteria. 
The calculation of weight WFRC is processed a two step procedure. At first, variables 
of IVI, FC and FR factors have converted to be equivalent to 100 grades before 
calculating. After normalization, the ranked factors of the confluence point are 
calculated by equation (4.2). The FRC normalized index model can be described as 
followed: 
FRC = WIVI×IVI + WFC×FC + WFR×FR                    (4.2) 
Where, ΣWi=1; the weights for the flood risk factors 
 
The weight is calculated by each weight in progression considering all numbers 
within a range from 0.0 to 1.0 to get totally 1. The calculation of weight is carried out 
inverse operation that reverses the effect of another operation. This paper is especially 
the case study considering the independence of the data sources and the resolution of 
the data available at the basin scale (40,000km2). It is also possible to identify the 
confluence points with high flood risk using the GIS spatial analysis. 
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4.3 Results of Flood Risk Factors  
 
 
4.3.1 Inundation Vulnerable Index 
IVI, flood risk factor, indicates the quantitative index calculated by the near-zero 
gradients along the stream line in the basin area. The higher the IVI value, the easier it 
is to accumulate this area in the channel. Following figure 4.2 shows the spatial 
distributed cumulative risk map and value of IVI ranges from 0 to 8, shown as pixels 
of main stream. The largest value 7.75 of IVI (CP 13th) indicates higher vulnerability 
than any other cell in stream (left graph in figure 4.3). However, in case of tributary, 
the risk ordering is changed to CP 11th considering IVI values of tributary. The largest 
value 6.78 of IVI indicates higher vulnerability than any other tributary at the 
confluences. 
 
 
 
Figure 4.2 Spatial distribution of IVI based on DEM data 
 
Graphs of figure 4.3 represent the flood index of confluence points by means of 
mainstream and tributary from upstream to downstream. The right graph in figure 4.3 
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illustrates that the curve of basin area (a) values is proportional to the stream flow 
from upstream to downstream. This plot also delineates a clear linear distribution of 
the data such as a normal trend in characteristics of mainstream. On the contrary, the 
left graph in figure 4.3 is not proportional to the mainstream flow. 
 
 
Figure 4.3 Comparison of IVI and basin area (a) index at the confluence points. 
 
As a result of IVI analysis, table 4.1 illustrates that the higher IVI value of main 
stream and tributary, the easier it is to flood in the confluences. Moreover, it was 
known that mainstream indicates higher vulnerability than tributary at the confluence 
points. For instance, in case of confluence point 11th and point 13th, in fact, K-water 
(2009) operates and manages effectively the large scale multipurpose dam for the 
flood control at upstream. 
 
 
Table 4.1 Priority ranking of IVI factor at the confluence points. 
 
Confluence priority ranking IVI  a (catchment) Main Tributary Main Tributary 
CP 13 First 7.75 5.87 14.9 12.2 
CP 12 Second 7.52 5.2 14.9 13.0 
CP 14 Third  7.49 5.82 15.0 10.5 
… … … … … … 
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4.3.2 Flow Capacity 
FC is defined a hydraulic variable that describes how much fluid is being moved. 
When it occur overflow at the peak value, the maximum flow capacity will be able to 
assume the capacity of bank flow. At that time, flow capacity is increased in 
proportion to drainage basin area and volume flow which is volume per unit time. The 
speed is faster when FC value is higher at stream point. FC is calculated automatically 
using the equation a/(Hi×Wi), where a is drainage basin area, H is the height of levee 
and W  is the width of stream. The author directly measures the artificial and natural 
levee for calculating FC factor through the field work. The upstream height of levee is 
7 meters and the upstream width is 250 meters. The downstream height of levee is 13 
meters and the downstream width is 1500 meters. The factor of FC indicates the 
spatial distribution of flood risk. Figure 4.4 illustrates the distribution of FC factor at 
confluence points. The value of FC ranges from 0 to 985.25. Table 4.2 presents the 
index values of FC factor from the priority ranking. CP 14th, the highest value of FC, 
is the first priority among the confluences. Tributary of CP 14th meets the main stream 
with the maximum value of curvature. 
 
Table 4.2 Priority ranking of FC factor at confluence points. 
 
 
Figure 4.4 FC factors of the confluence points. 
Confluence priority ranking 
FC  Cross section (m) 
Main Tributary Hi Wi 
CP 14 First 985.25 11.68 12 700 
CP 11 Second 689.25 122.37 10 350 
CP 08 Third  614.57 31.93 10 270 
… … … … … … 
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4.3.3 Flow Resistance 
The flow resistance index is much larger, as FR value is higher at the confluence point. 
This scalar function is normally presented as a weighted sum of catchment area and 
velocity fields from stream flow. The author programs the ordered solution of 
marking all cells at confluence. The category of FR has a value ranging from 0 to 
985.25. The FR factor is transferred to a quantifiable ln index for compare to other 
factors. For instance, CP14 confluence in table 4.3 illustrates the energy of main 
stream and tributary. As a result of the priority ranking, CP14th is the maximum 
resistance flow than any other confluence point.  
 
Table 4.3 Priority ranking of FR factor in Nakdong river basin 
 
 
 
Figure 4.5 FR factors of the confluence points. 
 
Confluence priority ranking 
 FR Angle (°) 
ln(FR ) Index displacement center outward 
CP 14 First 316.34 985.25 0.5×e8 33 49 
CP 11 Second 166.79 689.25 0.3×e8 51 81 
CP 08 Third  125.08 614.57 2.1×e8 87 90 
… …  … … … … 
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4.3.4 Relative flood area Elevation Model 
The definition of REM is a water depth damage index. REM is modified and 
recalculated using DEM based on the height of main stream. REM implies water 
depth acquired from a main stream (h=0meter). Equation (3) illustrates height of 
REM between DEM and main stream.  
 
 
Figure 4.6 Distributed map of DEM in Nakdong river basin. 
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H_ij REM = H_ij (DEM) – H_ij (main stream)                               (3) 
Where, H: height of surface, i: number of pixel, j: number of line. 
 
 
Figure 4.7 REM-based flood depth map (below 5 meters) in Nakdong river basin. 
 
The range of REM height values is between 0 to 1884 meters height-high cells, which 
are reconstructed from DEM (figure 4.6); with primary topographic attributes by 90m. 
Water depth of inundation area can be seen as one major influencing factor of 
building and agriculture damage. The inundation areas are extracted the value ranges 
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from 0 to 5 meters water depth of REM such as figure 4.7. The inundation area has 
the value ranges from 0 to 5 meters at the water depth of REM (table 4.4). Although 
the mean height of a levee is from 10 meters to 13 meters, the flood vulnerable areas in 
the study are evaluated in nearby rivers and lower flood plain areas. Actually inundation 
area was distributed to the below average of 2 meters around the stream.  
 
Table 4.4 Category score of REM 
 
 
4.3.5 Micro-Landform Classification 
MLC is classified in 6 classes based on micro-geomorphology in 1973; marshy 
(wetland), dried river bed, water, valley plain, natural levee and mountain. The author 
approaches distributing flood risk from a geomorphologic point of view, rather than a 
regional one. Inundation areas are strongly influenced by surface drainage from the 
micro-landform classification. Particularly, previously occurred floods happen several 
times in marsh and valley plain caused by human activities. The previously occurred 
floods in marshes and valley plains have been caused by human activities. Most MLC 
below 5 meters of REM are classified in dry river bed and valley plain. The results of 
MLC are labeled and scored in the GIS-based statistic data as part of the flood 
landforms (table 4.5).  
 
Table 4.5 Category score of MLC factor 
   
 
Range of REM [m] 0 1 2 3 4 5 
Category 1 2 3 4 5 6 
Category score 10 8 6 4 2 1 
 Marshy Dry river bed valley plain water natural levee Mountain
Category 1 2 3 4 5 6 
Category score 10 8 6 4 2 1 
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4.3.6 Land Use 
Land use data are extracted from Landsat TM image in April 2002. Land use is 
classified by 7 classes verified to geomorphology map; residential building, factory, 
road, Paddy field, soil, water, waterside. This category has a value of flood damage. 
To focus on a weak point of flooding, figure 4.8 illustrates classes derived from 
assessing values of Manning roughness coefficient (Sande, 2003). The author 
considered that urban (residential building, factory and road)areas are more 
importantly than other classes. Table 4.6 illustrates the LU factor that is scored in the 
GIS data as part of the vulnerable category. 
 
Table 4.6 Category score of land use 
 
Figure 4.8 Land use of REM below 5meters based on DEM image 
Classes Residential Factory Paddy field Water side  Soil water 
Category 1 2 3 4 5 6 
Category score 10 8 6 4 2 1 
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4.4 Discussion 
 
Variations in vulnerable flood trends can be explained by characteristic flood risk 
factors in Nakdong river basin. The analysis and assessment of the flood risk factors 
indicate the probability of reactivated flooding using the advantage of priority 
rankings. 
At first, variables of IVI, FC and FR factors have converted to be equivalent to 100 
grades before calculating. After normalization, the ranked factors of the confluence 
point are calculated by equation (4.2). The calculation of Wi is carried out inverse 
operation that reverses the effect of another operation. It starts with 0.0, add 0.01 to 
get totally 1. Finally, the author adapts to the weighted numerical value (WIVI=0.15, 
WFC=0.55, WFR=0.30). Weight (Wi) indicates importance and influence of risk factor, 
therefore, FC factor is more influence than IVI and FR factors of flood risk in river 
channel. As a result of flood risk factors, the author determines the location of most 
risk area (CP No.14) among the 14 confluence points. 
  
Table.4.7 Priority ranking of FRC factors in Nakdong river basin 
CP 
No. FRC 
Flooding 
(times) 
IVI FC FR 
WIVI IVI Normalized WFC FC Normalized WFR FR Normalized
CP No.1 8.45 0 0.15 6.65 25.9 0.55 92.49 7.7 0.3 4.27 1.1 
CP No.2 10.62 0 0.15 6.97 35.7 0.55 101.57 8.5 0.3 8.14 2.0 
CP No.3 15.14 0 0.15 7.24 46.8 0.55 154.22 12.9 0.3 14.12 3.5 
CP No.4 21.69 0 0.15 7.08 39.9 0.55 292.58 24.4 0.3 30.74 7.7 
CP No.5 27.27 0 0.15 7.2 44.9 0.55 377.89 31.5 0.3 42.82 10.7 
CP No.6 30.35 0 0.15 7.41 55.4 0.55 392.43 32.7 0.3 53.92 13.5 
CP No.7 30.63 3 0.15 7.13 41.9 0.55 416.97 34.7 0.3 69.77 17.4 
CP No.8 42.30 4 0.15 6.85 31.7 0.55 614.57 51.2 0.3 125.08 31.3 
CP No.9 30.45 1 0.15 7.39 54.3 0.55 359.153 29.9 0.3 77.82 19.5 
CP No.10 37.08 5 0.15 7.28 48.7 0.55 469.58 39.1 0.3 110.08 27.5 
CP No.11 52.67 5 0.15 7.44 57.1 0.55 689.25 57.4 0.3 166.79 41.7 
CP No.12 37.31 3 0.15 7.52 61.9 0.55 413.91 34.5 0.3 120.77 30.2 
CP No.13 40.66 2 0.15 7.75 77.9 0.55 425.15 35.4 0.3 126.53 31.6 
CP No.14 77.89 5 0.15 7.49 60.0 0.55 985.25 82.1 0.3 316.34 79.1 
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Table.4.7 illustrates the ranking order and vulnerability of flood risk based on the 
flood risk factors and weighting. The weighted FRC is recalculated to generate the 
risk rankings for flood. And this illustrates a probability of floods in which CP No.14 
shows the most vulnerable inundation area caused by human activities in the whole 
basin. The author has addressed the determination of the most risky inundation area 
where the flood risk value is relatively high between micro-landform classification 
and land-use below 1 meter in Chapter 5.  
 
The verification of flood risk assessment has performed the three steps. First, IVI 
factor has risen quickly from the CP No. 8 in the whole basin. These values indicate 
higher vulnerability than any other confluence. Second, the author has classified each 
flood type obtained from the flooding history in past 5 years (table 4.7). Finally, field 
verification proves that location of the previously occurred flooding is coincident with 
the estimated model as much as conducting a field surveying and references of public 
official in disaster prevention (NRFCO, 2008). 
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4.5 Conclusion 
 
This Chapter 4 is applied to a pilot study for the in Nakdong river basin, R. Korea, 
heavily affected by the flood disaster in 2002. The author has determined confluence 
sites of the national-river and regional 1st class river in basin. In order to extract the 
flood risk factors, the author applied the method of the quantitative index mode to the 
14 confluence sites. The quantitative index mode indicates the priority rankings for 
assessing a flood risk. The great advantage of ranking approaches is their simplicity 
especially regarding the author’s preferences. After primary data are converted into 
flood risk factors of GIS based data, flood risk is divided into two relationships 
between the flood risk at confluence (FRC) point and the flood risk on watershed 
(FRW) area. The author extract the GIS-based flood risk factors, the inundation 
vulnerable index (IVI), flow capacity (FC), flow resistance (FR), the relative digital 
elevation model (REM), micro-landform classification (MLC), and land-use (LU), for 
flood risk assessment and mapping. 
 
The results generated by the FRC and FRW method were mathematically robust 
with a high level of confidence. This is especially the case study considering the 
independence of the data sources and the resolution of the data available at the basin 
scale (40,000km2). It was also possible to identify the confluence point with high 
flood risk based on the flood risk-factors and using the GIS spatial analysis. First of 
all, flood risk factors show the influence of regional flood disaster risk and human 
vulnerability.  
The first stage of FRC is influenced the determination of weighting due to each of 
risk factors. In case of IVI, as higher IVI value, this area is easier to accumulate in 
channel. River-mouth, Pusan Metropolitan-city, is more vulnerable than any other cell 
in downstream. It is shown, however, that taking variable correlation into 
consideration during IVI values are increasing. With the character of an isthmus on 
the downstream, FC factor considering geometry has more influence than IVI factor 
and FR factor at the confluence point. FC factor is applied to the width and height of 
levee on channel morphology at a tributary junction. At this time, FR factor indicates 
a vulnerable risk at confluence between mainstream and tributary considering a 
meandering and curvature of mainstream. 
Next, the second stage of FRW is influenced the determination of watershed due to 
each of risk factors. REM factor has more influence than MLC factor and LU factor in 
watershed area. Then, Inundation areas are strongly influenced by surface drainage 
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flow from the micro-landform classification. Most the MLC in the below 5 meters of 
REM is classified in dry river bed and valley plain. LU also indicates the value of 
flood damage. 
Finally, this chapter describes the flood risk assessment procedure for disaster 
prevention. The concept of GIS flood risk factors is relatively new, and related results 
and conclusions can be useful for strategic water management and urban planning in a 
whole basin. Considering the regional flood risk-factors, the author has solved a 
disparity of risk assessment on downstream flooding using spatial analysis and image 
analysis. 
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CHAPTER 5 INTEGRATED FLOOD RISK ANALYSIS FOR FLOOD 
RISK REDUCTION USING GIS DATA: A Case Study in Yangsan 
Watershed, R. Korea 
 
 
Abstract 
 
This chapter tried to identify flood risk areas through flood risk assessment especially in 
hydrological aspect which means this paper used hydrological factors for analysis. The 
integrated flood risk analysis from GIS and satellite images make it possible to improve 
understanding of topographic features and to extract the flood risk factors from thematic maps. 
The purpose of this paper is to extract the GIS flood risk-factors for flood risk assessment and 
mapping. The author applied flood risk factors to the 15 confluence sites in the Yangsan 
watershed area, R. Korea (600km2). As a result, it was possible to identify the regional 
inundation areas, watershed scale, urban flooding, based on the flood risk factors using GIS 
spatial analysis. 
KEYWORDS Flood risk factors; Integrated flood risk analysis; GIS; risk assessment; Urban 
flooding: 
  
5.1 Introduction 
 
5.1.1 Background 
Recently, floods increased due to rapid urbanization and human activity in the 
lowland. Flood effects can be local, impacting a neighborhood or community, or very 
large area, affecting entire river basins. Flood management practices have largely 
focused on reducing flooding and reducing the susceptibility to flood damage. Thus, 
various research and methods have been recently developed. Some more recent the 
FRA (flood risk assessment) approaches took more aspects, economically and 
explicitly integrating a wide variety of permanent emergency flood control measures 
for floodplain management (Jay R. et al., 2002; Ichikawa et al., 2007; Yoshimura, 
2008; Hara et al., 2009; Hori et al., 2008). Therefore, integrated management of total 
basin system is necessary to prevent further flood damages in the society. If the 
remote sensing and GIS technique should be possible to use as a complement to 
mapping on the total basin system, there is a need for an integrated analysis involving 
all different kinds of relevant data available. And the research and the applications 
(Lunden, 2001; Nico et. al., 2000) have been performed with GIS based analysis. 
 In R. Korea, river management and information system set three main parts using the 
web service: water management information system (WAMIS; K-water, 2007), water 
management information networking system (WINS; MLTM, 2009) and river 
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management geographic information system (RIMGIS; MLTM, 2009). This paper 
presents a study of the effective method to interpret and produce a flood risk data as a 
whole watershed using geographic information system (GIS) including satellite image. 
The results of this paper can provide and service the source data of these river 
management and information systems that the public and its officials want to get 
hazard information.  
 
5.1.2 Objective 
Flood risk assessment is to identify where the flood risk is high. The problem is to 
find the major cause of flood in a whole watershed. The evaluation criteria are the 
different risk categories. The decision in flood risk management is quite complex. 
When the most risky factor is calculated, most quantitative evaluation methods cannot 
predict accurately how the inundation vulnerability will change in the actual situation 
because it is particularly related to triggering mechanisms including local area factors. 
Hence, the author applies a simple index method of ordinal information about the 
decision makers’ preferences on the importance of criteria using a weighting system. 
The purpose of this study is to extract the flood risk-factors for flood risk assessment 
and mapping. This paper describes the flood risk assessment procedure for disaster 
prevention. The author suggests the integrated analysis of flood risk factors and the 
method of quantitative index model for risk-based flood stage and floodplain 
management in watershed scale using satellite images and geo-spatial information 
system. 
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5.2 Methodology 
 
5.2.1 Study area 
The author has determined Yangsan watershed in Nakdong river basin, R. Korea as 
prime research focus area. Three important reasons why the author selects the 
Yangsan watershed are as followed; first, the study site selected is the most vulnerable 
point among the 14 confluences in Nakdong basin, where the difference in the value 
of drainage basin area between the main stream and the tributary is greater than other 
confluence points. Second, over the past several years, localized torrential downpours 
have repeatedly flooded the Yangsan city. Finally, the Yangsan stream lies on an 
active fault line in Nakong basin (Lee, 1983). Figure 5.1 illustrates previously 
occurred flooding area and confluence points in Yangsan watershed. Yangsan 
watershed is surrounded by mountain ranges. It is located between north latitude 
128°58′ to 129°9′ and east longitude 35°16′ to 35°30′. Its length is 32.3 kilometers 
and area is 243.7 km2. The width of Yangsan stream gets wider from 25 meters 
(upstream, CP1) to 250 meters (downstream, CP15).  
 
 
Figure 5.1 Previously occurred flood area (X mark) and fifteen confluence points (CP) in 
Yangsan watershed, R. Korea. 
 
5.2.2 Method 
In previous chapter 4, the author evaluates flood disasters from previous occurrences 
in order to determine the flood risk assessment in the whole watershed area. As a 
result of the priority ranking using IVI, FC and FR factors and weights, the most risk 
confluence point is to the Yangsan watershed (confluence point No.14) among the 14 
confluences in Nakdong river basin. This is the case study considering the regional 
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characters at the watershed scale (600km2).  
After primary data are converted into flood risk factors of GIS based data, flood risk 
is divided into two relationships between the flood risk at confluence (FRC) point and 
the flood risk on watershed (FRW) area. First, the equations (5.1) illustrate the 
quantitative index model of FRC. The function of FRC indicates a correlated 
relationship between IVI, FC and FR as flood risk factors at confluence point in 
Yangsan watershed. 
 
FRC = f (IVI, FC, FR)                           (5.1) 
 
Top value of FRC has the first priority among the confluences. The priority ranking of 
confluence points is calculated by equation (5.2). The weight given to a criterion 
indicates its relative importance compared to other criteria. The weight is calculated 
by each weight in progression considering all numbers within a range from 0.25 to 
0.40. The FRC normalized index model can be described as followed: 
 
FRC = WIVI×IVI + WFC×FC + WFR×FR              (5.2) 
Where, ΣWi=1; the weights for the flood risk-factors 
 
Next, FRW is calculated and overlaid by the category of vulnerable raster shape. The 
equations (5.3) illustrate the function of FRW indicating a relationship between REM, 
MLC and LU of flood risk factors. 
 
FRW = f (REM, MLC, LU)                        (5.3) 
 
FRW = WREM×REM + WMLC×MLC + WLU×LU                 (5.4) 
Where, ΣWREM, MLC, LU=1; the weight for the flood risk-factors 
Max{1-(n-i)b-Si-1, a} ≦ Wxi ≦ Min{1-(n-i)a-Si-1, b}, Si＝∑k ＝ 1 i xi  
 
The calculation of weight WFRW is also processed a two step procedure. At first, 
variables of REM, MLC and LU factors have converted to be equivalent to 100 
grades before calculating. After normalization, the ranked factors of the confluence 
point are calculated by equation (5.4). When the FRW of the previously occurred 
flooding becomes the highest value, the weighted numerical values (WREM=0.45, 
WMLC=0.30, WLU=0.25) are determined by value relations. 
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5.3 Results of Flood Risk Factors 
 
Besides precipitation, the rapid urbanization and human activity in the lowland also 
increase the disaster damage. In order to determine the effective risk factors of the 
flood, the author applied the method of the quantitative index model (equation 5.2) to 
the 15 confluence sites in the Yangsan watershed area, R. Korea. In previous chapter 4, 
the author is evaluating flood risk from previously occurrence floods in order to 
determine the flood risk assessment in whole basin area. In this chapter 5, the author 
identifies the inundation areas with high flood risk based on the flood risk-factors 
including spatial thematic maps of flood risk. 
 
5.3.1 Inundation Vulnerable Index 
IVI, flood risk factor, indicates the quantitative flood index calculated by the basin 
area and near to zero gradient along the stream line. As a result of IVI analysis, table 
5.1 illustrates that the higher IVI value of main stream and tributary, the easier it is to 
flood in the confluences. Moreover, it was known that mainstream indicates higher 
vulnerability than tributary at the confluence points. Following figure 5.2 shows the 
spatial distributed cumulative risk mapping and value of IVI ranges from 0 to 7, 
shown as pixels of main stream.  
 
Table 5. 1 Priority ranking of IVI factor at confluence points. 
 
Figure 5.2 Comparison IVI and area (a) index at confluence points. 
Confluence priority ranking 
IVI  a (catchment) 
Main Tributary Main Tributary 
CP 11 First 6.6  12.12 8.08 
CP 14 Second 6.4  12.35 8.58 
CP 15 Third  6.1  12.38 7.75 
… … … … … … 
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As higher IVI value, this area is easier to accumulate in channel. The largest value 7 
of IVI is more vulnerable than any other cell in stream (table 5.1). Figure 5.3 
illustrates the confluence point 11th and point 14th in detail. However, Yangsan city 
(2007) operates and manages effectively the water pump facility for the flood control 
at upstream. 
 
 
Figure 5.3 Spatial distribution map of IVI overlaying DEM data and Landsat TM image. 
 
5.3.2 Flow Capacity 
The author directly measures the artificial and natural levee for calculating FC factor. 
The upstream height of levee is 3 meters and the upstream width is 25 meters. The 
downstream height of levee is 7 meters and the downstream width is 250 meters. 
After calculating the cross section of confluences, the value of FC ranges from 0 to 
491.19. As a result, the speed energy is faster as FC value is higher at cross section. 
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The flood factor of FC indicates the spatial distribution along the channel in figure 5.4.  
 
 
Figure 5.4 Spatial distribution map of FC overlaying DEM data and Landsat TM image. 
 
Table 5.2 illustrates FC value of the priority ranking and indicates CP7 of highest 
value. A large value 491.19 of FC is more vulnerable than any other cell in stream. 
 
 
Table 5.2 Priority ranking of FC factor at confluence points. 
 
 
Confluence priority ranking 
FC  Cross section (m) 
Main Tributary Hi Wi 
CP 07 First 491.19 69.49 3 64 
CP 12 Second 384.65 35.15 5 185 
CP 11 Third  339.63 59.45 3.5 178 
… … … … … … 
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5.3.3 Flow Resistance 
The flow resistance index is much larger as FR value is higher at confluence point. 
The author program an order solution of marking all cells at confluence. The category 
of FR has the value ranges from 0 to 436.85. For instance, CP13 confluence in table 
5.3 illustrates the energy of main stream and tributary. CP13 has the maximum 
resistance flow than any other confluence point. 
 
 
Table 5.3 Priority ranking of FR factor at confluence points. 
 CP No. FR index 
Angle (°) Ln (FR) 
outward 
CP01 200.91 54 16.82  
CP02 101.46 47 16.13  
CP03 210.03 67 16.86  
CP04 98.539 64 16.10  
CP05 354.49 75 17.38  
CP06 307.00 67 17.24  
CP07 158.30 90 16.58  
CP08 209.24 114 16.86  
CP09 232.37 80 16.96  
CP10 204.08 52 16.83  
CP11 345.78 90 17.36  
CP12 391.62 85 17.48  
CP13 436.85 54 17.59  
CP14 400.58 49 17.51  
CP15 421.49 92 17.56  
 
5.3.4 Relative Elevation Model 
REM implies water depth acquired from a main stream (h=0meter). The height values 
of REM range from 0 to 1004 meters high cells, which are reconstructed from DEM; 
with primary topographic attributes by 90m. The flood vulnerable areas in the study 
are evaluated in nearby rivers and lower flood plain areas (left figure 5.3). The 
inundation area has the value ranging from 0 to 5 meters at the water depth of REM 
(table 5.4). Since the mean height of a levee is about 5 meters, vulnerable inundation 
area is extracted to the below average 5 meters along the stream (right figure 5.3). 
However, actually inundation area was distributed to the below average of 2 meters 
around the stream. 
 
Table 5.4 Category score of REM 
Range of REM [m] 0 1 2 3 4 5 
Category 1 2 3 4 5 6 
Category score 10 8 6 4 2 1 
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Figure 5.5 REM of the below 1meter (left) and 5meters (right) 
 
 
5.3.5 Micro-Landform Classification 
The results of MLC are labeled and scored GIS data as part of flood landforms (table 
5.5). MLC is classified in 6 classes based on micro-geomorphology in 1973; marshy 
(wetland), dried river bed, valley plain, natural levee, water and mountain. The author 
approaches the distribution of flood risk from a geomorphologic point of view, rather 
than a regional one. Inundation areas are strongly influenced by surface drainage from 
the micro-landform classification. Particularly, previously occurred floods happen 
several times in marsh and valley plain caused by human activities. Inundation areas 
are strongly influenced by surface drainage from the micro-landform classification. 
The left of figure 5.6 illustrates a distributed MLC based on Landsat TM image. 
 
Table 5.5 Category score of MLC factor 
 Marshy Dry river bed valley plain water natural levee Mountain
Category 1 2 3 4 5 6 
Category score 10 8 6 4 2 1 
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5.3.6 Land Use 
LU factor is classified by 7 classes verified to geomorphology map (unsupervised 
classification); residential building, factory, paddy field (agriculture), barren, glass, 
water and waterside. LU is scored GIS data as part of vulnerable category (table 5.8). 
The category of urban and paddy field has the high value affecting flood damage. The 
author more importantly considered urban (Residential building and factory), paddy field 
than other classes, because urbanization causes an accentuation of flood peaks. Table 
5.6 and table 5.7 illustrate estimated damage values of the Landsat TM-derived land 
use map. 
 
Table 5.6 Classification of land use based on amount of damage              (90m2/Yen) 
1m2/Euro 90m2/Yen Pixel of below 1m Total damage (¥) 
Wheat field  € 0.13 ¥1,462.50 1157 ¥1,692,112.50 
Industry  € 68.07 ¥765,787.50 513 ¥392,848,987.50 
Residential  € 1,861.90 ¥20,946,375.00 741 ¥15,521,263,875.00
 
 
Most paddy fields are uniformly distributed throughout the stream and the below 5 
meters of REM. Paddy field areas are two times larger than industry areas in below 5 
meters of REM. However, estimated damage values of residential building 
distribution is significantly more expensive than other classes.  At result, the 7 
classes are derived from assessing values of flooding damage area. It is possible to the 
quantitative evaluation of the potential damage between CP7 and CP10 in Yangsan 
watershed. 
 
Table 5.7 Estimated classification of land use                             (90m2/Yen) 
Classes  Residential  Factory Paddy field Water side Barren  Glass  Water 
Category  1 2 3 4 5 6 7 
Category score ¥20,946,375 ¥765,787 ¥1,462 ¥1,000 ¥100 0 0 
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The right of figure 5.6 illustrates the land use map resulting from the image 
processing and classification of the below 5 meters REM.  
 
 
Figure 5.6 Landform classification (left) and land use of REM below 5meters (right) based on 
Landsat ETM image 
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5.4 Discussion 
 
Flood effects can be local, impacting a neighborhood or community. Actually, it is 
unable to predict flood occurrence accurately using flood risk information and 
simulation data. If the most risky factor is calculated, almost quantitative evaluation 
cannot predict the inundation vulnerability in actual, because it is particularly related 
to triggering mechanisms, but also to site factors. For instance, there is just one 
hydrological station in Yangsan watershed. In this case, hydrological observatories are 
much less to measure H (water level)-Q(discharge) in watershed. Although it is 
impossible to predict accurately the annual maximum flood crest and flood discharge. 
The study of this chapter is achieved the determination of priority ranking using flood 
index model. Although flood is controlled by various risk factors, the flood-prone 
areas are extracted from 6 main factors. 
 
After normalization of IVI, FC and FR, the FRC is recalculated to generate the 
priority rankings for flood risk calculated by equation (5.3). FC factor indicates the 
primary cause of flooding among the 3 main risk-factors. The weighted numerical 
values (WIVI=0.25, WFC=0.55, WFR=0.30) indicates the importance of risk factor and 
the influence of drainage channels for the flood disaster reduction. 
 
 FRC = WIVI×IVI + WFC×FC + WFR×FR             (5.3) 
 
Where, ΣWi=1; the weights for the flood risk-factors, range of each weight, WIVI , WFC 
and WFR, is from 0.0 to 1.0. 
 
As a result of flood risk factor analysis, the author determines the location of most 
risk area (CP No.7) among the 15 confluence point in Yangsan watershed.  
 
FRW = WREM×REM + WMLC×MLC + WLU×LU          (5.4) 
 
Then, raster calculation of FRW proceeds to make identifying inundation areas in 
detail. Flood risk is related to the water depth and draining flow. Moreover, the most 
vulnerable inundation areas are caused by human activities in watershed. For instance, 
CP7 section in small watershed is further divided into the risk categories. Vulnerable 
categories determine the most risky inundation area where the flood risk value is 
relatively high between micro-landform classification and land-use below 1 meter. 
The total estimated inundation areas for the category are analyzed spatially using 
raster data of LU and MLC, extracted below 1meters of REM. In case of LU, the 
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category of urban and paddy field has the high value of flood damages. The author 
considered that residential building distribution is significantly more risk than other 
classes. Because urbanization caused by an accentuation of flood peaks. Table 5.8 
illustrates the priority ranking and vulnerability of flood risk based on the multiple 
factors and weightings. 
 
Table 5.8 Risk assessment considering multiple factors and weight in Yangsan watershed 
 Confluence Watershed 
Factor IVI FC PF REM MLC LU 
Range 0~7 0~628 0~425 0~5 7 7 
Unit  - - - Meter Class Class 
Weight 0.25 0.55 0.30 0.45 0.3 0.25 
Rank      Risk Value & Vulnerable Category 
CP.7 51.4 61.5 158 most risk area(rank1) 
CP.8 53.3 45.6 209 more risk area (rank2)  
CP.10 62.9 45.3 204 risk area (rank3) 
CP. .. - - - … 
 
 Figure 5.5 illustrates a probability of flooding in which the red area shows the most 
risk inundation area caused by human activities. The most risk areas were evaluated 
on near a stream and urban areas below 1 meter of REM. On the other hand, field 
verification proves that location of the previously occurred flooding is coincident with 
the estimated model as much as conducting a field surveying and references of public 
official in disaster prevention (Yangsan city, 2007). 
 74 
 
74 CH5. Integrated Flood Risk Model
Figure 5.7 Flood risk assessment map in Yangsan watershed 
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5.5 Conclusion 
 
This chapter evaluates the flood risk model that the author has developed explicitly 
the quantitative index model for the priority ranking order at confluence and 
watershed environments. This is the case study considering the independence of the 
data sources and the resolution of the data available at the watershed scale (600km2). 
And flood is controlled by various risk factors, the flood vulnerable areas are 
extracted from GIS-derived risk factors such as the inundation vulnerable index (IVI), 
flow capacity (FC), flow resistance (FR), the relative digital elevation model (REM), 
micro-landform classification (MLC), and land-use (LU) for flood risk assessment 
and mapping. As a result, it was possible to identify the areas with high flood risk 
based on the flood risk factors using the GIS spatial analysis. The result of flood risk 
assessment in the Yangsan watershed is similar to the method of flood risk assessment 
in the Nakdong river basin. First of all, FC factor considering geometry has more 
influence than other factors at the confluence point. Next, REM factor has more 
influence than other factors in watershed area. Finally, the results of this study 
illustrate one of the different FRM (flood risk management) approaches to how land is 
managed and how the levees play a most important role in the lowland and flood plain. 
Considering the regional flood risk-factors, the authors have solved the accuracy of a 
vulnerable inundation area and a disparity of flood risk assessment using the priority 
ranking method of integrated risk factors on the lowland of confluence and adjacent 
the river.  
Although this method including spatial analysis and image analysis requires certain 
assumptions and expertise to successfully calculate multiple risk factors, flood risk 
factors enhance the current capability for strategic flood risk management and urban 
planning with the GIS expert’s point of view. Besides precipitation, the rapid 
urbanization and human activity in the lowland also increase the disaster damage. The 
improved GIS technology provides the available and related data for all phases of a 
flood disaster event, flood affected area is able to extract and manage the effective and 
timely information of flood in the whole basin. 
 
To conclude, it was possible to identify the areas with high flood risk based on the 
flood risk-factors and using the GIS spatial analysis. First, FC factor considering 
geometry has more influence than other factors at the confluence point. Next, REM 
factor has more influence than other factors in watershed area. Finally, this chapter 
describes the flood risk assessment procedure for disaster prevention. Considering the 
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regional flood risk factors, the author has solved a disparity of risk assessment on 
downstream flooding using spatial analysis and image analysis.
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PART III. CONCLUSION 
 
CHAPTER 6 DISCUSSION 
 
? Access to the flood disaster from aspect of basin management to regional 
aspect.  
 
Although flood is controlled by various risk factors, the flood vulnerable areas are 
extracted from 6 main factors in this paper. This paper describes the priority ranking 
of flood risk by the GIS-derived risk factors and the wider use of GIS techniques, in 
preliminary, the first decision making. This method is reasonable to the basin scale 
(40,000km2) and watershed scale (600km2) in R. Korea. Civilian and public officials 
need new countermeasures to predict a collapse of embankment and drowning of 
facilities in lowlands and flood plains. 
 
? Limitation of scale-related measure.  
 
While flood mapping has been improved, the inclusion of social, economic and 
environment variables into GIS models remains a major challenge. The diverse scales 
at which different dimensions of socioeconomic vulnerability operate make the spatial 
representation through these techniques very difficult. One of the serious problems is 
the scale problem is related to the specific hydrologic problem. Flood risk factors are 
based on two major hypotheses. First, the drainage basin area (a) must be 
proportioned a flood discharge. An efficient way to overcome this limitation is 
rational formula is a widely used method.  
 
Q= 0.277(variable)× f ×ｒ× a                (6.1) 
 
Where Q is design flood discharge, f is runoff coefficient, r is rainfall intensity, and a is drainage 
area.  
 
For instance, the case study of Yangsan stream, I survey that the design flood 
discharge, is 2,490 and drainage area is 236 km2. Hence, Q becomes proportionally 
thirteen times of a in Nakdong river basin. Second, the levee follows a uniform cross 
section like a bank-full channel, in order to solve this problem. After simplifying the 
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hydrologic problem, the bank-full flow has reached the flood crest due to 
unpredictable high intensity rainfall. Recently, the design flood discharge has been 
applied to the volume or peak discharge of the 200-year flood in the national-rivers, R. 
Korea. The extreme event has increasingly been expressed in risk assessment 
methodologies in terms of vulnerability assessments. 
 
? Verify to vulnerable flood risk  
 
The characters of the inundation area are important to the community planning 
process for several reasons. Geological conditions determine the existence and extent 
of sinkholes, an important consideration in transformation of stream lines. The micro-
landform classifications help to determine the potential of land areas for agricultural 
use, and human development at either the urban or rural scale. The type of soil present 
in a particular location can also be an accurate indicator of the presence of wetlands, 
as well as the flood plains. Topographic information, or the vertical elevation of land 
(below mean sea level), can have a wide range thresholds for land uses. This is an 
important consideration for drainage of land as well as the management of overflow 
in urban and rural areas scale (figure 6.1). 
 
 
Figure 6.1 Change of Yangsan stream line  
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Particularly, the CP No. 14 of chapter 4 (Nakdong basin scale) and the CP No.7 of 
chapter 5 (Yangsan watershed scale) identify the areas with high flood risk based on 
the flood risk-factors using the GIS spatial analysis. The verification of flood risk 
assessment has performed the three steps.  
First, FC factor has risen quickly from the confluence points (CP No.07) in the 
whole basin. And FC is more influence than IVI and FR factors of flood risk in river 
channel. As a result of flood risk factors, the author determines the location of most 
risk area among the confluence points. These values indicate higher vulnerability than 
any other confluence. Second, the author has classified each flood type obtained from 
the flooding history using statistic data in past 5 years. Finally, field verification 
proves that location of the previously occurred flooding is coincident with the 
estimated model as much as conducting a field surveying and references of public 
official in disaster prevention. These flood risk-factors are suitable for the 
development of quantitative index model and for assessing flooding impacts. 
 
 
 
 
Figure 6.2 Integrated flood risk assessment map in Yangsan watershed (right) using landform 
classification(left) and land use of REM below 5meters(middle) based on Landsat ETM 
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However, absolute protection from flooding is neither technically feasible nor 
economically or environmentally viable. Engineering countermeasures indicate a 
limitation from flood disasters such as the structural (dam, levee, etc.) and non-
structural (web and wireless flood information system, hazard map, community, etc.) 
measures. Civilian and public officials need new countermeasures to predict a 
collapse embankment and overflowing facilities in lowlands and flood plains.  
Although this method requires certain assumptions and expertise to successfully 
calculate multiple risk factors, flood risk factors enhance the current capability for the 
strategic flood risk management and urban planning. 
 
 
? Regional geographic character of vulnerable feature in Yangsan watershed 
 
Flood effects have a local and regional geographic character. Inundation area 
depends on geographic features that describes the regional surface and locates 
features. Floods have different characteristics between upstream flooding and 
downstream flooding. Upstream flooding occurs in the upper regions of a watershed. 
Downstream flooding is related to larger-scale. In this study area, upstream flooding 
is possible to happen about 35m (CP.07) above sea level with the low valley-plain. 
Downstream flooding is possible to happen about 2m above sea level with the low 
flood-plain and backmarsh. Most of all, Steep geographical features from 35m 
(CP.07) to 20m above sea level with the low valley-plain have very vulnerable to 
floods such as red line (vulnerable flood) of figure 6.3. Steeply sloping and narrow 
topographical conditions make the region highly vulnerable to extreme weather events. 
These steep turn features (red line in figure 6.3) are a highly vulnerable to flood 
disasters by a gradual slope to the plain. And, a meandering stream lowers its gradient 
such as the CP.07 pattern as the stream meander. Meandering portions of the Yangsan 
stream are coincident with the red line (vulnerable flood) according to the topography 
of watershed. Moreover, a location of the previously occurred flooding is coincident 
with the red line (vulnerable flood). This historical precedent is also verified with 
credible reference. 
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Figure 6.3 Geographic character of vulnerable feature in Yangsan watershed 
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CHAPTER 7 CONCLUSION 
 
Streams are potent geomorphic agents. Yet stream flow is variable during the course 
of the year, with moderate or high discharge reflecting on surface runoff after rainfall. 
However, a number of major flood surges during a few days or months of the year are 
able to erode, transport, and deposit sediment within channel. These basic 
mechanisms of stream behavior provide the dynamic background to analysis of 
landforms of river plains and the erosional topography of the interfluves. 
The main aim of this study is to perform the assessment for flood disaster 
prediction by integrating topographic DEMs data, geomorphic data and remote 
sensing data in a GIS environment. This paper is to a pilot study for the flood risk 
assessment in the Nakdong river basin, Republic of Korea, heavily affected by the 
hazardous flood in 2002. The author determines confluence sites of the national-river 
and regional 1st class river in basin. In order to extract the risk factor of the flood, the 
author applied method of qualified index model to the 14 confluences sites (chapter 4). 
The qualified index model indicates the priority ranking for assessing a flood risk. 
The great advantage of ranking approaches is their simplicity especially regarding the 
author’s preferences. After primary data are converted into flood risk factors of GIS 
based data, flood risk is divided into two relationships between the flood risk at 
confluence (FRC) point and the flood risk on watershed (FRW) area. The author 
extract the GIS-based flood risk factors, the inundation vulnerable index (IVI), flow 
capacity (FC), flow resistance (FR), the relative digital elevation model (REM), 
micro-landform classification (MLC), and land-use (LU), for flood risk assessment 
and mapping. 
In fact, because the method of runoff model to estimate flood discharge for lowland 
areas has limited application, there are necessary conditions required for extracting 
flood risk factors. The flood risk factors are based on two major hypotheses. First, the 
drainage basin area (a) must be proportioned a flood discharge. Secondly, that the 
levee follows a uniform cross section. When a stream is at the brink of overflowing its 
bank at peak value, discharge is bank-full flow; if the flood spills over, there is 
overbank. Therefore, the maximum flow capacity was assumed the bank-full in this 
study.  
Flood risk assessment in this paper is performed a process of achieving acceptable 
levels of flood risk through a combination of: 1) Nakdong river basin (chapter 4), and 
2) Yangsan watershed (chapter 5) for regional and local authorities. 
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Nakdong river basin (chapter 4) 
The results generated by the FRC and FRW method were mathematically robust with 
a high level of confidence. This is especially the case study considering the 
independence of the data sources and the resolution of the data available at the basin 
scale (40,000km2). It was also possible to identify the confluence point with high 
flood risk based on the flood risk-factors and using the GIS spatial analysis. First of 
all, flood risk factors show the influence of regional flood disaster risk and human 
vulnerability.  
The first stage of FRC is influenced the determination of weighting due to each of 
risk factors. In case of IVI, as higher IVI value, this area is easier to accumulate in 
channel. River-mouth, Pusan Metropolitan-city, is more vulnerable than any other cell 
in downstream. It is shown, however, that taking variable correlation into 
consideration during IVI values are increasing. With the character of a narrow section 
on the downstream, FC factor considering geometry has more influence than IVI 
factor and FR factor at the confluence point. FC factor is applied to the width and 
height of levee on channel morphology at a tributary junction. In practical open-
channel hydraulics, the average velocity is a good representation of the flow velocity. 
At this time, FR factor indicates a vulnerable risk at confluence between mainstream 
and tributary considering a meandering and curvature of mainstream. 
Next, the second stage of FRW is influenced the determination of vulnerable 
inundation area due to each of risk factors. REM factor has more influence than MLC 
factor and LU factor in watershed area. The MLC in below 5 meters of REM is 
classified in dry river bed and valley plain. Inundation areas are also strongly 
influenced by surface drainage from the micro-landform classification. LU also is the 
value affecting flood damage. Moreover, velocity and depth are an important element 
of flood damage calculations, particularly in urban areas where measurable damage to 
building and other properties result from flow.  
 
Finally, the author has succeeded in improving the accuracy of a vulnerable 
confluence point in the whole basin. Considering the regional flood risk-factors, the 
author has solved a disparity of risk assessment on downstream flooding using spatial 
analysis and image analysis. 
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Yangsan watershed (chapter 5) 
According to the method of flood assessment consists of the concept of flood risk at 
the point of confluence and flood risk related to watershed area, the author applied 
method of qualified index model to the 15 confluence sites in the Yangsan watershed, 
R. Korea. The results generated by the FRC and FRW method were mathematically 
robust with a high level of confidence. This is the case study considering the 
independence of the data sources and the resolution of the data available at the 
watershed scale (600km2). 
The result of flood risk assessment in Yangsan watershed is similar to the method 
of flood risk assessment in Nakdong river basin. First of all, FC factor considering 
geometry has more influence than other factors at the confluence point. Next, REM 
factor has more influence than other factors in watershed area. Moreover, in case of 
LU, the category of urban (residential building and factory) areas have the high value 
affecting flood damage. The author considered that the urban areas are more 
importantly than other classes because urbanization caused an accentuation of flood 
peaks. Finally, the author has succeeded in improving the accuracy of a vulnerable 
inundation area in regional watershed areas. Considering the regional flood risk 
factors, the author has solved the accuracy of a vulnerable inundation area and a 
disparity of flood risk assessment using integrated risk factors on the lowland of 
confluence and adjacent the river. 
To conclude, it was possible to identify the areas with high flood risk based on the 
flood risk-factors and using the GIS spatial analysis. This chapter describes the flood 
risk assessment procedure for disaster prevention. The results of this study illustrate 
one of the different FRM (flood risk management) approaches to how land is 
managed and how the levees play a most important role in the lowland and flood plain.  
 
Although this method including spatial analysis and image analysis requires certain 
assumptions and expertise to successfully calculate multiple risk factors, flood risk 
factors enhance the current capability for strategic flood risk management and urban 
planning with the GIS expert’s point of view. Besides precipitation, the rapid 
urbanization and human activity in the lowland also increase the disaster damage. 
Civilian and public officials need new countermeasures to predict a collapse 
embankment and overflowing facilities in lowlands and flood plains. The improved 
GIS technology provides the available and related data for all phases of a flood 
disaster event, flood affected area is able to extract and manage the effective and 
timely information of flood in the whole basin. 
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APPENDIX I 
 
/* ############################################################################### 
/* #####       Determination of Weight in Flooded Risk Equation                      #### 
/* #####               Made by KWAK, Y.J. 25FEB2009                     ####  
/* ###############################################################################*/  
 
#include        <stdio.h> 
#include        <stdlib.h> 
#define         MaxC        200 
#define         MaxPN         5 
 
int n;                          /*  parameter total number        */ 
float PR[MaxPN][10];            /*  initial range of parameter    */ 
float SPR[MaxPN][10];           /*  sum of range                  */ 
float PPR[MaxPN][10];           /*  processing range of parameter */ 
float Par[MaxC][MaxPN];        /*  parameter value               */ 
float VV;                      /*  variation value               */ 
float S=0;                     /*  sum of parameter              */ 
void datareading()              /*  key in */ 
{ 
 int i,j; 
 int l; 
    printf("Weight parameter number? \n"); 
    scanf("%d",&n); 
    printf("does range of Weight parameter same ? \n"); 
    printf("yes : 0, no : 1 \n"); 
    scanf("%d",&l); 
 if (l==0) 
 { 
  printf("Value of Lowest Range? \n"); 
  scanf("%f",&PR[0][0]); 
  printf("Value of Highest Range? \n"); 
  scanf("%f",&(PR[0][1])); 
        for(i=1;i<n;i++) 
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   for(j=0;j<=1;j++) 
    PR[i][j]=PR[0][j]; 
 } 
 else 
     for(i=0;i<n;i++) 
  { 
   printf("%d Value of Lowest Range?PPR \n",i+1); 
   scanf("%f",&(PR[i][0])); 
   printf("%d Value of Highest Range? \n",i+1); 
      scanf("%f",&(PR[i][1])); 
  } 
    printf("Increase Value of Weight parameter?  \n"); 
    scanf("%f",&VV); 
} 
void WPR(int c)              /* print parameter range */ 
{ 
 int i; 
 printf("%4d   ",c); 
    for(i=0;i<n;i++) 
  printf("(%2.3f,%2.3f)",PPR[i][0],PPR[i][1]); 
  printf("\n");  
} 
void datawriting()              /* print date */ 
{ 
 int j, i; 
 for(j=0;Par[j+1][0]!=0;j++) 
 { 
  printf("%4d    ",j+1); 
  for(i=0;i<n;i++) 
       printf("%2.3f    ",Par[j][i]); 
  printf("\n");   
 } 
} 
void range(int i)                 /* compute range of parameter */ 
{ 
 int j; 
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 if (i==0) 
  for(j=0;j<=1;j++) 
      PPR[i][j]=PR[i][j]; 
 else 
 { 
  if(1-SPR[i][0]-S <= PR[i][0]) 
   PPR[i][0]=PR[i][0]; 
  else 
      PPR[i][0]=1-SPR[i][0]-S; 
  if(1-SPR[i][1]-S >= PR[i][1]) 
   PPR[i][1]=PR[i][1]; 
  else 
      PPR[i][1]=1-SPR[i][1]-S; 
 } 
} 
void initialrange()                   /* Sum of range    */ 
{ 
 int i,j; 
 for(j=0;j<=1;j++) 
     SPR[n-1][j]=0; 
 for(i=n-2;i>=0;i--) 
 { 
  SPR[i][0]=SPR[i+1][0]+PR[i+1][1]; 
        SPR[i][1]=SPR[i+1][1]+PR[i+1][0]; 
 } 
} 
void initialparameter()               /* first parameter */ 
{ 
 int i; 
    S=0; 
 for(i=0;i<n;i++) 
 { 
  range(i); 
  Par[0][i]=PPR[i][0]; 
        S=S+Par[0][i]; 
 } 
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} 
void computing() 
{ 
 int i,j; 
    initialparameter(); 
    for(j=1;(Par[j-1][0]<=PPR[0][1]+VV/2);j++) 
 { 
  S=0; 
 for(i=0;(PPR[i+1][1]!=PPR[i+1][0])&&(Par[j-1][i+1]+VV<=PPR[i+1][1]+VV/2)&&i<n;i++) 
  { 
   Par[j][i]=Par[j-1][i]; 
   S=S+Par[j][i]; 
  } 
  Par[j][i]=Par[j-1][i]+VV; 
     S=S+Par[j][i]; 
     for(i++;i<n;i++) 
     { 
      range(i); 
      Par[j][i]=PPR[i][0]; 
            S=S+Par[j][i]; 
  } 
 } 
 Par[j][0]=0; 
} 
 
void main() 
{ 
   datareading(); 
   initialrange(); 
   computing(); 
   datawriting(); 
} 
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APPENDIX II 
 
1) Status of fourteen confluences in Nakdong river basin 
 
 
 
  
 2) F
 
 
ield survey sheet 
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３．論文の概要（600 字程度） 
 
韓国の洛東江は大陸河川であり、日本河川とは異なる流出特性を持つ。夏の
雨期の出水は急激で水害に対する脆弱性は高いが，治水安全度は十分確保さ
れてない。そこで、本研究では韓国の代表的河川である洛東江を対象として、
水害に対する危険度を表す指標を既存の数値情報及び現地計測により定量
化した。まず、河道における越流、破堤に対する脆弱性を表す素因として水
害脆弱性指標 (IVI: inundation vulnerable index)、河道通水能(FC: flow 
capacity)、表面流抵抗(FR: flow resistance)を定義し、最も越流、破堤の可
能性が高い合流地点における水害脆弱性を検討した。次に、破堤した場合の
浸水可能性については氾濫原比高(REM: relative flood area elevation 
model)を DEM（数値地形モデル）から求め、デジタル化された微地形分類
図(MLC: micro-landform classification)、土地利用図(LU: land use)を重ね
ることにより、氾濫原の浸水リスクを定量的に評価した。水害素因をカテゴ
リー化してから正規化数値モデルに適用し、浸水可能性及び水害可能性に対
する脆弱性を評価した。流域中(200km スケール)、一級河川を本流にしてい
る合流点 14 ヶ所に当てはめた結果、越流及び破堤可能性が最も高い合流点
が明らかになった。さらに、本流に対する支流の氾濫可能性が高く、内水氾
濫も起きる空間的な浸水脆弱性マップを作成した。本研究は現在の洛東江の
河川改修を進める上で貴重な基本情報ともなり得る。 
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